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INTRODUCTION 
The Sporobolus asper complex is a group of perennial 
grasses occurring In the continental United States and 
southern Canada, The taxonomy of the complex Is confused, 
and a varying number of taxa has been recognized by different 
authors, 
The most frequently used classification Is that of 
Hitchcock (1951). Three species were recognized. Sporobelus 
asper (Mlchx,) Kunth Included var. pllosus (Vasey) Hltchc,, 
described as having pilose sheaths and blades, and var. 
hookerl (Trln,) Vasey (= S, drnmmnndl1 Vasey). Sporobolus 
asper var. hookerl was recognized as a less robust form with 
more slender, fewer-flowered and looser panicles than typical 
8. asper. Sporobolus macer (Trln.) Hltchc. was distinguished 
from 8. asper var, hookerl by having horizontal rhizomes. 
The third species was S, clandestlnus (Blehler) Hltchc. 
(= S. canovlrens Nash), 
Shlnners (195^) reduced 8_. macer and S. clandestlnus to 
varieties of S. asper. He also recognized S. asper var. 
hookerl and 8. asper var. canovlrens. 
Steyermark and Kucera (I96I) maintained 8^. asper and S^. 
clandestlnus as separate species. In addition, S. 
clandestlnus var. canovlrens was delimited on the basis of 
spikelet measurements. 
Previous dispositions of the taxa relied on alpha 
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taxonomy "based on few herbarium specimens. Little considera­
tion of the biology of the organisms was included in the 
taxonomic treatments and in fact, the biology of the organisms 
is essentially unknown. 
The primary objectives of this research are to resolve 
the delimitation of the taxa in the S. asper complex and to 
determine their relationships. Morphological, cytological, 
anatomical and distribution data are utilized to delimit the 
taxa. Morphological variation within and among local popula­
tion samples is assessed and analyzed by various numerical 
techniques. Data from selected herbarium specimens are also 
considered. The sources of variation are explained by 
studies of the breeding system and reproductive biology, and 
by the responses of population transplants grown under uni­
form environmental conditions. The results are incorporated 
into a taxonomic treatment and relationships of the taxa are 
discussed. Origin and differentiation of the taxa are 
postulated. 
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METHODS AND MATERIALS 
Terminology and Notation 
Throughout this paper I refer to the taxa of the 
Sporobolus asper complex as I recognize them. The procedure 
is for clarity and is not indicative of a priori judgments. 
Populations or collections are specified by my collection 
numbers. The W, H, Duncan 23535 collection is frequently 
cited as WHD, The R, Q. Landers R-^55 collection is fre­
quently cited as RQL, Mass collections of local populations 
and transplants are referred to as samples. In the discussion 
of the uniform environment studies a sample (transplant) num­
ber is designated after the population number as -1, -2, etc. 
Statistical notation and terminology are from Steel and 
Torrle (I96O) or Sokal and Rohlf (1969)» 
The notation used in the synonymy lists is that of Isely 
(1969). 
Field Collections 
Collections were made from May through October 1970 and 
during September 1971= Mass collections consisted of three to 
twelve specimens randomly selected at each population site. 
At most sites one to four living plants were obtained, stored 
in plastic bags and transplanted to the greenhouse. They were 
divided and planted in 5-lnch clay pots containing the usual 
greenhouse soil mixture of four parts loam, three parts sand 
and two parts peat. 
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Morphological Studies and Numerical Analyses 
Morphological variation was scored from specimens 
collected from wild populations and transplants grown under 
uniform conditions. Fourteen continuous morphological varia­
bles, four ratiosthree discrete variables and six attri­
butes were recorded from one culm of each plant. All meas­
urements of microscopic characters were made with a Bausch and 
Lomb stereozoom microscope fitted with an ocular micrometer 
disc with 0.1 mm divisions. Spikelet measurements were made 
after applying a softening solution formulated by Pohl (1965). 
All measurements for the continuous variables were to the 
nearest 1/10 of the unit measure. Presence or absence attri­
butes were recorded as 1 for presence and 0 for absence. 
Latitude and longitude for the collection sites were taken 
from Gerlack (1970) and included for certain numerical analy­
ses. The variables are subsequently identified as followsi 
1. Plant height from ground level In cm 
2. Culm width at first Internode in mm 
3. Terminal blade lengh in cm 
k. Terminal sheath length in cm 
5. Terminal sheath width (folded) in mm 
6. Panicle length in cm 
7. Maximum panicle width in mm 
8. Number of primary panicle branches 
9. Number of spikelets/cm^ 
10. First glume length in mm 
11. Second glume length in mm 
12. Lemma length in mm 
13. Palea length in mm 
14. Floret width (folded) in mm 
15. Floret length/width 
16. Number of lemma nerves 
17» Presence or absence of lemma pubescence 
18. Fruit length in mm 
19. Fruit width in mm 
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20, Prillt length/width 
21, Presence or absence of blade pubescence 
22, Presence or absence of collar pubescence 
23, Presence or absence of sheath pubescence 
24, Presence or absence of rhizomes 
25, Presence or absence of gelatinous pericarp 
26, latitude in degrees and minutes north 
27, Longitude in degrees and minutes west 
28, Terminal sheath length/width 
29, Panicle length/width 
Data were punched on computer cards for the numerical 
analyses. For each population sample, the range, mean (x), 
variance (s^) and standard deviation (s) were determined for 
the continuous and discrete variables and the ratios. Within 
population variability was estimated from these computations. 
An analysis of variance (ANOVA) within and among populations 
was obtained for continuous and discrete variables and the 
ratios. Significance was determined by P tests, P tests 
between individual populations were determined for variables 
2, 3» 5» 8, 9 and 15, Confidence limits were set at 5% for 
these and all other tests of significance in the study, t 
tests for significant differences between means of each vari-
ble were made after the samples were grouped by taxa, P tests 
between taxa were also computed. 
Correlation coefficients between individual variables 
were computed by the formula r = £xy / ix^y^, A factor 
analysis of variance was performed on the correlation matrix 
and a factor matrix was derived. Factors were extracted by 
the centroid method, 
Cluster analyses and dendrographs were obtained in six 
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steps. 
1. The X, 8^ and s for each character (yi, y^, etc.) 
were computed for all population samples (OTU*s), 
2. Each observation was stand.ard.lzed. according to the 
following formulai Zj^ = y^ - Xj^ / s^, 
3. A sample x, s^ and. s were computed, from values ob­
tained In step 2, 
4. Correlation coefficients between populations were 
obtained by the following formulai 
^pop, 1, pop. 2 = ^ (^pop. 1 - ^ pop.l)(^pop. 2 - 2pop. 2) 
l^^^popTl^ 2^ 
The correlation coefficients were used to obtain a similari­
ties matrix as Input for the cluster analysis. 
5. Clusters were obtained, by the unweighted, pair-group 
method using averages (UPGMA), 
6. The d.end.rograph was plotted, and. drawn using the 
program of McCammon and Wenninger (I970), 
The first dendrograph of the 66 OTU*s was based upon all 
29 variables, A second dendrograph was based on 1? variables. 
Variables 1, 7, 10-14, 18, 19, 22, 28 and 29 were eliminated 
after preliminary examination of data Indicated they were of 
little taxonomlc value. The third dendrograph was based upon 
12 variables (2-5» 8, 9» 16-18, 20, 25 and 26) which contri­
buted largely to the variance In factor 1 of the factor 
analysis. 
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Herbarium Studies 
Distribution data and selected morphological variables 
were recorded from herbarium specimens which are listed with 
each taxon. Specimens were borrowed from E, PSU, GA, GH, IND, 
ISC, MIL, MO, NY, P, PH, SMU, TABS, TENN, TEX, US and WIS 
(lanjouw and StaflBU, 1964), 
Uniform Environment Studies 
Uniform environment studies were conducted with growth 
chamber and garden facilities. Populations used in the uni­
form environment studies and their habitat data are given in 
Table 1, The experiments are Identified as garden experiment 
1 (Gl), garden experiment 2 (G2) and growth chamber experi­
ments (GC), The latitude and longitude data are from Gerlack 
(1970). The length of growing season corresponds to the 
number of days between the spring and fall occurrence of 28 F 
given in United States Weather Bureau (I965). 
Garden Experiments 
The garden site was located on an Iowa State University 
farm in Section 19, Washington Township, Story Co., Iowa. 
Data were collected from two garden experiments. 
Survival patterns were recorded from garden plot 1. One 
sample from 41 populations was removed from the greenhouse 
soil and planted 29 September 1970 at spaces 1 m apart within 
a 3 X 15 m area. To reduce frost and Ice damage the plants 
were covered with oat straw in November 1970, No measures 
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Table 1, Location, habitat description and length of growlnp: 
season for the population samples used In the uniform environ­
ment experiments 
POP. BXPT. LOCATION AND HABITAT DESCRIPTION 
LENGTH OF 
GROWING 
SEASON 
1001 G1,G2, 
GC 
1005 G1,G2, 
GC 
1009 G2,GC 
1010 G1,GC 
1011 G1 
1013 61,GC 
1014. G1,G2 
1015 G1,G2 
1016 G1,GC 
1017 G1,G2, 
GC 
1029 G1,G2, 
GC 
1031 G1,G2, 
GC 
Story Co., la., open field and low 
ground at RR crossing 1 ml, S Ames. 
i^2O01»N 93°37*W. 
Wilson Co., Tenn.r cleared cedar 
glade, exposed limestone 3.9 ml. W 
Gladevllie. 3609?*N 86025'W. 
Wilson Co., Tenn., shaded cedar glade, 
exposed limestone 7 ml. S Lebanon, 
36012*N 86031'W. 
Monroe Co., 111., roadside and RR 
right of way 7.4 ml. S Waterloo. 
38®19»N 90009* W. 
Pike 
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Co., Mo.. open roadside, section 
, T54N. 39°35'N 91°24'W. 
lawrence Co., Ind., open RR right of 
way 1 ml. W Georgia. 38O4.3«N 86033'w. 
Vanderburgh Co., Ind., open RR right of 
way In Evansville. 37058«N 87034*w. 
Stoddard Co., Mo., open roadside 1 ml. 
S Bloomfleld. 36053»N 89°56^\f, 
Carter Co., Mo., open road bank 4.1 ml. 
B Van Buren. 36059*11 91O01*W. 
Sharp Co., Ark., partially shaded edge 
of woods at Evening Shade. 
360o4«N 91°26*W. 
Rapides P., La., deeply shaded pine 
woods 1 ml. E Woodworth. 
31°09-N 9203c'W. 
Natchitoches P., La., open live oak-
pine woods 2 ml. N Natchitoches. 
31046'N 93005'W. 
187 
235 
235 
222 
211 
197 
235 
225 
203 
231 
306 
277 
9 
Table 1. (Continued) 
POP. EXPT. LOCATION AND HABITAT DESCRIPTION 
LENGTH OF 
GROWING 
SEASON 
1033 GC 
1036 G1,G2, 
GC 
1037 G1,G2 
1039 G1,GC 
1043 G1,G2 
1044- G1,G2 
1047 G1,G2 
1048 G1,G2 
1049 G1,G2, 
GC 
1050 G1,G2, 
GC 
10^4 Gl.GC 
1056 G1,G2, 
GC 
1057 G2 
1058 G1,G2, 
GC 
Sabine P., la,, shaded edge of pine 277 
woods 4 mi. N Zwolle. 31^40'N 93°39'W. 
Naoogd.oches Co., Tex.. open pine woods 280 
4 mi. W Doiiglass, 31*^36'N 94°39'W. 
Angelina Co., Tex., shaded pine woods 280 
4.8 mi. W Lufkin. 31°21»N 94^43'W. 
Milam Co., Tex., open roadside and RR 289 
right of way N side Ben Arnold. 
30°58'N 96°59*W. 
Palls Co., Tex., open roadside 2.8 ml, 291 
5 Lott. 31°12'N 97°02'W. 
Bell Co., Tex., open field E side 29I 
Temple. 31°06*N 97^48»W. 
Williamson Co., Tex,, open roadside 7 251 
mi, W Georgetown, 38°39'N 97^48'W, 
Burnet Co., Tex,, open roadside E side 257 
Bertram, 30°44'N 98°03'W, 
Hamilton Co., Tex., open live oak woods 266 
4.5 mi, E Hamilton, 31°42'M 98°07'W. 
Hamilton Co., Tex., open roadside N 266 
side Hico. 31°59*N 98°02'W. 
Denton Co., Tex,, open roadside 14 mi, 250 
W Denton, 33°13'N 97^21*W. 
Fannin Co., Tex., RR right of way W 258 
side Dodd City. 33°34'N 95°59'W, 
Hempstead Co., Ark,, shaded roadside 270 
adjacent pine woods 4,6 ml. S 
Nashville. 33^57'N 93-51•». 
Pike Co., vlrk., open roadside 6,2 ml, 247 
S Kirby, 34^15'N 93°38'W. 
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Table 1. (Cont inued) 
POP, EXPT. LOCATION AND HABITAT DESCRIPTION 
LENGTH OF 
GROWING 
SEASON 
1059 G1,GC 
1061 G1,G2 
1062 G1,G2 
1064 G1 
1065 G1 
1066 Gl.GC 
1068 G1,G2 
1069 G1 
1070 G1 
1071 G1 
1072 G1,G2 
1072 G1 
Jasper Co., Mo., open roadside and 
limestone quarry 
37°09'N 94028'W. 
E side Carterville, 
LOOfllU 
Vernon Co., Mo., HR right of way N 
side Horton. 37°59'N 94-022 'W. 
Cass Co., Mo., open roadside N side 
lake Winnebago. 38°39'N 9^°21'W. 
Webster Co., la., open roadside at 
Woodman Hollow State Preserve. 
42°25'N 9^ 09'W. 
Boone Co., la., open roadside NW 1/4 
section 14, T83N. 42°04'N 93^37»W. 
Wright Co., la., open roadside 2 ml. 
S Goodell. 42055*N 93^37'W. 
Jasper Co., la., open roadside 6.7 mi, 
NW Monroe, 41036'N 93°1^'W, 
Marion Co., la., open roadside Co. J 
and la, 163, section 26, Summit Twp, 
41°28»N 93®02»W, 
Mahaska Co., la,, open roadside la, 
163, section 11, Lincoln Twp, 
41018'N 92038'W, 
Keokuk Co., la,, RR right of way in 
Hedrick, 4lOi0'N 920l8'W. 
Henry Co., la,, open sandy hillside 
NW^l/4 section 16, T72N, 
4lOo4'N 91028'W. 
Webster Co a , open prairie remnant ; 
Woodman Hollow State Preserve. 
42025*N 9^°09*W. 
217 
215 
212 
177 
170 
170 
181 
192 
190 
190 
192 
T79 
— I i 
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Table 1, (Continued) 
POP. EXPT. LOCATION AND HABITAT DESCRIPTION 
LENGTH OF 
GROWING 
SEASON 
1077 G1 Clayton Co,, la,, open roadside 1 mi. 
NE Elkader. 4-2051 :N 91°24.'W, 
167, 
CO o
 
iH 
G1 ,G2 Crawford Co., Wise,, shaded roadside 
Wise, 171» section 23 Freeman Twp, 
^3°09*N 91°06'W. 
187 
1080 G1 Winneshiek Co., la,, open roadside 1 
mi, NE Ft. Atkinson, 'f3°08'N 91%'W, 
181 
1081 G1 Chickasaw Co,, la,, open roadside S 
side New Hampton, 4.3O03'N 92^19'W, 
181 
1082 G1 .G2 Black Hawk Co., la., HR right of way 
in Waterloo. 42^30»N 92^20'W, 
184-
1086 G2 ,GC Pierce Co,, Wise,, open roadside N 
limits Hager City, 44-036'N 92°32'W. 
157 
1088 G2 ,GC Montgomery Co,, Mo,, shaded cedar 
glade 1 ml, E Amer1eus, 38°50'N 
91034-'W, 
209 
WHD G2 ,GC Clarke Co., Ga,, o>pen pine plantation 
3 mi, E Athens. 33°57*N 83023'W, 
260 
RQL G1 
GC 
,G2, Menard Co,, Tex,, shaded live oak 
pasture 11 mi, S Menard, 30059'N 
9904-8'W. 
24-0 
against winterkill were taken in 1971. Survival patterns were 
also monitored in garden plot 2, 
Garden plot 2 was designed within an area of 19 x 22 m, 
with three replicates along the environmental gradient. The 
environmental gradient was determined to be drainage which 
occurred in a northerly direction. Thus the three replicates 
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were laid out along a north-south direction. Each replicate 
consisted of five columns (N-S) and 18 rows (E-W) 1 m apart 
in either direction or a total of 90 available spaces. A 
border 2 m wide was cleared and maintained around the plot. 
Plants which had been growing in the greenhouse were re­
moved from the greenhouse soil, divided and planted 2 June 
1971 at locations determined by random method. Each replicate 
contained one, two or three different samples from 29 popula­
tions, In some cases only two clones of a sample were avail­
able I they were placed in Replicates I and II which repre­
sented the extremes of the environmental gradient. The plot 
was irrigated three times during the two week period following 
the original planting. Lawn sprinklers were used to insure 
uniform irrigation. After two weeks the plot was not irriga­
ted for the duration of the experiment. Weeds appearing in 
the plot were hand pulled or removed by a rotary tiller. As a 
measure against winterkill, one clone of each sample was re­
moved to the greenhouse in early November 1971, The remaining 
samples were covered with oat straw. Survival patterns, 
growth responses and flowering behavior were monitored. 
Specimens from mature plants were scored for variables 1-
25, 28 and 29. The x, s^ and s were determined for each 
variable within each replicate. An analysis of variance was 
performed to determine if variance within each variable was 
due to population effect, replicate effect, interaction of 
plant and replicate effect or error effect. Interaction 
I 
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effect was determined by the formula F = interaction s2/ error 
s2. Replicate effect was determined by a pool technique as 
recommended by Solcal and Rohlf (1969) using the formula 
P = replicate s^/interactlon s^ + error s^. 
For each population represented in garden plot 2, the x, 
s^, s and range were determined for each variable. These data 
were compared to data from wild populations using F and t 
tests to detect differences. 
Growth Chamber Experiments 
Percival growth chambers were used in three experiments. 
Selected clones from 23 populations were clipped to uniform 
height before they were placed in the chambers. All plants 
were in 5-lnch clay pots containing the usual greenhouse soil 
mixture. For each experiment the position of each pot within 
rows and columns was determined by random method. The plants 
were watered daily in each experiment. 
In growth chamber experiment 1, the plants were subjected 
to a 13-hour photoperiod and a 75 P day-70 F night temperature 
regime for a period of 19 weeks, Light intensity from the 
fluorescent and incandescent lights was measured at 2200 foot 
candles at the clipped plant height with a Weston Illumination 
Meter, The design consisted of two replicates. 
In growth chamber experiment 2, the plants were subjected 
to a 16-hour photoperiod and a 75 F day-70 F night temperature 
regime for a period of 21 weeks. Light intensity was measured 
14 
at 2400 foot candles. The design consisted of four repli­
cates. 
Two growth chambers, each with two replicates, were used 
in experiment 3. Both chambers were set for a 75 F day-70 F 
night temperature for a period of 23 weeks. The plants were 
subjected to full light intensity in chamber A (2050 foot 
candles) and half light intensity in chamber B (1000 foot 
candles). The experiment was designed to detect relationships 
of flowering time and photoperiod which could be compared to 
similar data from garden plot 2, Throughout the experiment 
the photoperiod setting was changed to simulate the photo-
period in Ames (42® N) during the period from August through 
November. Each photoperiod setting and its duration was based 
on data from List (1968). The chambers were initially set for 
a 16-hour photoperiod. Thirty-five days later the photoperiod 
was reduced to 14# hours for a period of 12 days. Subsequent 
photoperiod settings and their duration are as followsi 14 
hours, 9 days ; 13§ hours, 10 days; 13 hours, 12 days ; 12? 
hours, 11 days ; 12 hours, 10 days j lli hours, lo days ; 11 
hours, 13 days ; 10| hours, 11 day ; 10 hours, 14 days. 
Microtechnique 
Meiotic material for cytological studies was collected 
from wild populations or transplants and fixed in Newcomer's 
(1953) solution. The material was later transferred to 70% 
ethanol. Anther squashes were made in 45^ aceto-orceln stain. 
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Drawings of chromosomes were made with a drawing apparatus 
fitted to a Leltz Laborlux microscope with phase contrast 
objectives. Slides were made permanent by freezing with 
liquid carbon dioxide (Bowen, 1956) and mounting in diaphane. 
Voucher specimens for all chromosome counts are deposited in 
the Iowa State University Herbarium, 
Anatomical material was fixed in FAA. and dehydrated with 
a tertiary butyl alcohol series as prescribed by Jensen 
(1962), Leaf material was placed in a 10% HP solution for 12 
hours prior to dehydration (Metcalf, I960), The material was 
embedded in Tissue mat (mp 61 C) and sectioned at 10-12 ji. 
Sectioned material was stained with safranln and fast green 
according to a schedule modified from Sass (195W). 
Leaf blades from dried specimens were cleared with 
aqueous NaOH and chloral hydrate, and dehydrated with a graded 
ethanol and xylene series (Shobe and Lersten, 196?), The 
material was stained with chlorozol black E and permanently 
mounted in Piccolyte, Lemmas were cleared through the chloral 
hydrate stage. 
Pollen from dehisced anthers was stained with lactophenol 
cotton blue (Sass, 1958). 
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RESULTS 
Anatomy 
Members of the Sporobolus asper complex exhibit con­
spicuously uniform epidermal patterns (Pig. 1). Major and 
minor veins run parallel along the lamina and are often 
connected by commissural veins. The parenchymatous bundle 
sheath is conspicuous in clearings. Ripple wall cells cover 
the entire surface but are more conspicuous in the Intercostal 
zone. Ripple wall cells are usually separated by cushion 
cells and double-hatchet silica bodies, which are more con­
spicuous over the veins. Rhombic stomata, flanked by dome-
shaped subsidiary cells occur in the intercostal zone. Macro-
hairs are present but their abundance varies with the particu­
lar plant, Pyriform bicellular mlcrohairs are abundant over 
the entire surface. These observations agree with Prat's 
(1932, 193^) description of Sporobolus. 
Cross sections of leaf blades of Sporobolus show the 
chloridold type of anatomy (Brown, 1958), Vascular bundles 
are surrounded by an inner sclerenchyma sheath and a single 
parenchyma sheath which contains specialized plastids, Chlor-
enchyma cells are long, narrow and radially arranged around 
the outer bundle sheath. Each bundle, the sheaths and sur­
rounding chlorenchyma constitute a discrete unit separated 
from adjoining units by large bulllform cells. 
Anatomical preparations of leaf blades show large median 
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and lateral bundle units with smaller bundle units inter­
spersed between them. The parenchyma sheath of the larger 
bundles is interrupted by strands of sclerenchyma on the 
adaxial surface and less frequently on the abaxial surface. 
More sclerenchyma is present in plants from drier habitats. 
One to three rows of radially arranged chlorenchyma cells 
encircle the bundle sheaths (Fig. 2), Large nonstaining 
parenchyma cells may occur on the abaxial surface near the 
midrib. These parenchyma cells abut the bulliform cells and 
sometimes interrupt the parenchyma sheath of the larger 
bundles (Pig, 3), The epidermis is cutinized. 
Few anatomical differences among taxa are apparent. 
Blades of S, asper var, macer are more deeply furrowed than 
those of other taxa (Fig, 4»). Papillae are sometimes present 
on the abaxial surface of blades of S, asper var, macer (Fig. 
5). 
The presence of lateral nerves on the lemmas of S, 
clandestinus was verified by clearings and cross sections 
(Fig, 6), Median nerves consist of one or two tracheary 
elements surrounded by sclerenchyma and parenchyma cells. 
Lateral nerves consist of a single tracheary element sur­
rounded by sclerenchyma and a few parenohyma cells. Sometimes 
the tracheary element is absent and the lateral nerves are 
composed only of sclersnchjina and parenchjisa cells. The 
presence of one, two or three lemma nerves has been observed 
within the same panicle. Similar results have been reported 
Pigs, 1-6, Leaf and lemma anatomy 
Pig. 1. Epidermal anatomy, drawing from leaf 
clearing, R. L. Riggins 1112, lOOx 
Pig, 2, Cross section leaf blade, R, L, Riggins 
1056, 93X 
Pig. 3* Cross section leaf blade, R, Q« Landers 
R-^55. 93x 
Pig. 4, Cross section leaf blade, R, L, Riggins 
1029, 93x 
Pig. 5. Cross section leaf blade, R, L. Riggins 
1121, Wx 
Pig, 6, Cross section lemma showing lateral nerves 
(In), R, L. Riggins 1049, 93% 
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for S. vaglnlflorus (Torr.) Wood (Rigglns, 1969). 
Cytology 
Previous chromosome counts for members of the S, asper 
complex have been published. Brown (1950) recorded mitotic 
counts for S. asper indicating 2n = 5^ and 108, Although 
Brown stated that voucher specimens were deposited in the 
University of Texas Herbarium, no designated specimens were 
among those borrowed from that herbarium. 
Eeeder (1968) published a meiotic count for S. asper 
as 2n = 54". The voucher specimen (Reeder ^ 558, Comal Co., 
Texas) is S, asper var, drummondii. 
Gould (1968) determined meiotic counts for three collec­
tions, Gould 11757a from Jack Co., Texas is S, asper var, 
asper. The chromosome number was 2n = 54, Gould 11758 from 
Stephens Co,, Texas is S^. asper var, drummondii. The chromo­
some number was 2n = 5^* Gould 8439 from San Saba Co., Texas 
is S. clandestinus. The chromosome number was 2n = 88 which 
was regarded as an aneuploid in accordance with Brown's count 
of 2n = 108. The three collections were identified and pub­
lished as 8. asper. 
Unfortunately I have not been able to determine chromo­
some numbers for all taxa. The 2n = 54 count for S, asper 
var. asper was verified (Pigs. 7-9). Counts of n = 18, 19, 
20, 21, 23 and 2^• were determined for S, asper var. macer 
(Figs, 10-15). Counts of n = 23, 24, 26, 27 and 28 were 
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determined for S, olandestlnus (Figs, 16-19). In both cases 
the material was from the same panicle. Voucher specimens 
are deposited In the Iowa State University Herbarium. 
Good cytologlcal preparations were often difficult to 
obtain. Best results were with material collected, from the 
uniform garden between 9«00 and. 9«^5 a.m. CDT. Melosls 1& 
apparently periodic and occurs over a short period of time. 
Interphase and diakinesls were observed more frequently than 
other melotlc stages. Metaphase plates and anaphase were 
rarely observed. I never observed any definite melotlc irreg­
ularities which might account for the varying chromosome 
numbers. 
Base chromosome numbers for Sporobolus are x= 6, 9 and 
10. Most North American taxa have x = 9» but species with 
X = 6 and 10 have been reported (Pohl and Davidse, 1971i 
Reeder, I968). Members of the S, asper complex may be 
hexaploid with 2n = 5^. 
Breeding System and Reproductive Biology 
An understanding of breeding system and reproductive 
biology is particularly important in taxonomlc studies when 
population structure and variability are considered. Mo 
detailed account of the breeding system and reproductive 
biology of the S, asper complex has been published. The 
following observations were made in the field, greenhouse, 
Pigs. 7-19. Chromosome drawings, line scale 10 /# 
Fig. 7. Chromosomes of S. asper var. asper, R. L. 
Rigglns 1001, mlcrosporocytes In diakinesis, 
n = 27. 
Fig. 8, Chromosomes of S. asper var. asper. R. L. 
Rigglns 1015» mlcrosporocytes in diakinesis, 
n = 27 
Pig. 9. Chromosomes cf 8, asper var, macer. R, L. 
Rigglns 1029, mlcrosporocytes in diakinesis, 
n = 18 
Fig. 10. Chromosomes of S. asper var, macer. R, L. 
Rigglns 1029, mlcrosporocytes in diakinesis, 
n = 19 
Fig, 11. Chromosomes of S^. asper var. macer. R. L, 
Rigglns 1029, mlcrosporocytes in diakinesis, 
n = 20 
Fig. 12, Chromosomes of S, asper var. macer. R. L, 
Rigglns 1029, mTcrosporocytes in diakinesis, 
n = 21 
Fig. 13. Chromosomes of S. asper var, macer. R, L, 
Rigglns 1029; mlcrosporocytes in diakinesis, 
n = 23 
Pig. 14, Chromosomes of 8, asper var, macer. R. L, 
Rigglns 1029, mlcrosporocytes in diakinesis, 
n = 24 
Fig, 15» Chromosomes of 8, clandestinus. W, H. Duncan 
23535, mlcrosporocytes in diakinesis, n = 23 
Fig, 16, Chromosomes of 8_, clandestinus. W, H. Duncan 
23535, mlcrosporocytes in diakinesis, n = 24 
Fig, 17. Chromosomes of 8. clandestinus. W. H, Duncan 
23535» mlcrosporocytes in diakinesis, n = 26 
Fig. 18. Chromosomes of 8, clandestinus. W, H. Duncan 
23535, mlcrosporocytes in diakinesis, n = 27 
Fig, 19. Chromosomes of S, clandestinus. W. K. Duncan 
23535, mlcrosporocytes in diakinesis, n = 28 
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uniform garden and growth chambers. 
Flowering 
Depending upon the particular plant and growing condi­
tions the time from culm elongation to panicle formation may­
be from five to 14 days. Flowering within one panicle may 
proceed over a period of five days to two or three weeks, 
Three to five weeks may elapse between panicle formation and 
production of mature fruits, 
Cleistogamy or self-pollination is virtually enforced 
and is certainly the usual means of sexual reproduction. The 
panicles may be completely enclosed in the sheath and cross-
pollination prevented. Sometimes the panicles elongate and 
become exserted from the sheath after fruits are formed. In 
some plants a tenth to half of the panicle may be exserted 
before anthesls and cross-pollination is possible. However, 
cross-pollination can be prevented by certain variations in 
flowering behavior. (1) The florets may remain closed. As 
a result, the flowers are self-pollinated, (2) A differen­
tial elongation of the filaments of a single flower may occur 
whereby one or two stamens are exserted and one to two are 
included in the floret. The filaments of the included stamens 
may elongate slightly but fail to become completely exserted 
from the floret before anther dehiscence. The flowers are 
self-pollinated in either case, (3) All three stamens may 
become exserted and the filaments droop so that the anthers 
\ 
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are "below the stigmas of the same flower at dehiscence. This 
condition could result in either cross-pollination or gelton-
ogamy, (the pollination by another flower on the same plant), 
which would have the same genetic effect as self-pollination. 
All of these variations have been observed on a single 
panicle, 
Lodicule activity, floret opening, anther and/or stigma 
exsertlon are observed more frequently in the upper panicle 
branches, but are not associated with the exact position of 
the spikelets. There is no relationship between any of the 
variations in flowering behavior and time of day. In the 
field or greenhouse more florets are open on hpt, humid days 
than on cool days when the relative humidity is low. 
My observations indicate that cross-pollination is 
possible but probably infrequent, I have rarely observed 
protandry and anther dehiscence followed by stigma exsertlon 
and receptivity. Usually the stigmas are receptive when 
anthers of the same flower dehisce, but may or may not be 
exserted, Geltonogamy may also occur in those flowers which 
are protandrous. 
Embryo Sao Development 
Brown and Emery (1958) reported that embryo sac develop­
ment in 8. asper was normal and that it was not apomlctlc. 
Because no voucher specimens were designated, a study of 
embryo sac development seemed necessary. The following 
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observations are primarily based on greenhouse grown material 
of 1009, 1015, 1017, 1043, 1048, 1049 and RQL H-455. 
In early stages of development the ovule is anatropous 
or perpendicular to the ovary. Two Integuments, each two 
cells thick and the nucellus which Is one cell thick are 
present. The megaspore mother cell Is present during this 
developmental stage (Pig. 20). A modified T-shaped tetrad of 
megaspores is produced (Pig. 21). The three megaspores at the 
micropylar end degenerate and the chalazal megaspore (Fig, 22) 
produces an eight-nucleate embryo sac (Pig, 23), Prolifera­
tion of the antipodals follows (Pig. 2^^), The antlpodals 
usually become laterally positioned. These observations con­
form to normal embryo sac development described for the 
Gramineae by Davis (1966), 
Microsporogenesis. Pollen Production and Stainabllity 
Microspore mother cells are present synchronously with 
megaspore mother cells. Tetrads of microspores are present 
during the stages of meiosis of the megaspore mother cell and 
early embryo sac differentiation. Microspores are present by 
the time mature embryo sacs are formed and are positioned with 
the pore against the tapeturn (Pig. 26). 
Within a panicle the size of the anthers decreases from 
the apex downward, and may vary from 3.0 to 0,3 mm long. 
larger anthers in the upper panicle branches have four micro-
sporangia and produce many pollen grains. Smaller anthers 
Pigs. 20-27. Reproductive biology 
Fig, 20. Cross section ovule with megasporocyte (m) 
R. L. Riggins 1043, 412% 
Fig. 21. Cross section ovule with megaspore tetrad 
(t), R. L. Riggins 1043, 33OZ 
Fig. 22. Cross section ovule with degenerating 
tetrad and functional megaspore (f m), 
R. L. Riggins 1043, 84x 
Fig. 23. Cross section ovule with embryo sac (e s), 
six nuclei visible, R. L. Riggins 1043, 126% 
Fig, 24. Cross section ovule with proliferating 
antipodals (a), R. L. Riggins 1043, 84% 
Fig. 25. Cross section ovule with young embryo (e) 
embedded in cellular endosperm (en) and 
inner integument (1 1) differentiating 
into seed coat, R. Q. landers R-455i 84% 
Pig. 26. Longitudinal section anthers with one 
nucleate, vacuolate microspores (ml), 
R. L, Riggins 1048, 126% 
Fig. 27. Proliferating spikelets, growth chamber-
grown plant, R. L. Riggins 1050, line 
scale 1 cm 
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from spikelets completely enclosed in the sheath, may have 
two or three mlcrosporangia and produce as few as eight to 
12 pollen grains. Mâture anthers dehisce from the "base 
upward., 
Pollen from one or two anthers taken from a given plant 
was stained with lactophenol cotton blue to determine viabil­
ity, Grains with densely staining cytoplasm were scored as 
normal. Collapsed grains with unstaining cytoplasm were 
scored as abnormal, Meiotic irregularities probably account 
for the abnormal pollen. The results summarized in Table 2 
indicate that pollen viability is high. 
Fruit Development and Seed Set 
In young fruits the embryos are embedded in a cellular 
endosperm and the aleurone layer can be distinguished (Fig, 
25), As the fruit develops the outer integument becomes dis­
torted and diminishes. The inner integument develops into the 
seed coat. In longitudinal section, the cell walls of the 
seed coat are invaginated. The walls stain intensely with 
safranin, a reaction which indicates the presence of lignln. 
Cellular inclusions in the seed coat cells also stain intense­
ly with safranin. The seed coat does not become fused to the 
pericarp except at the micropylar region. The mature fruit 
of S, asper has a gelatinous pericarp which swells and slips 
from the seed when moist. The pericarp of S, clandestinus is 
loose and can be removed with a scalpel when moist. It never 
30 
Table 2. Pollen stalnabllity with lactophenol cotton blue 
POP, 
TOTAL NUMBER 
OP GRAINS % STAINABILITY 
1001 2076 85.8 
1013 2720 88.8 
1015 615 83.0 
1017 1754 75.2 
1029 298 94.9 
1031 829 68,9 
1036 867 82.6 
1039 250 99.2 
1044 1601 89.6 
1047 1420 91.5 
1048 166 87.3 
1058 1056 92wl 
1062 825 91.1 
1097 360 61.1 
1100 617 88,9 
1101 1051 89.0 
1102 1873 82.4 
1107 858 83.9 
1109 1570 79.6 
1111 1059 89.8 
1113 755 76.5 
1114 94 93.6 
1115 1025 75.8 
1118 1445 93.4 
becomes gelatinous nor does it slip from the seed. Similar 
observations have been reported for S. ozarkanus and S, 
vaglnlflorus (Biggins, 1969), Seed set is high except in 
transplants of S, asper var, macer. 
Seed Germination 
Toole (1941) has described techniques for the germination 
of S, asper. maximum géfmlaauion oceiir-r-éd after pr-echlll for 
14 days and KNO^ treatment, Prechilling and KNO3 treatment 
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were not necessary after the seeds were seven months old. 
Older seeds germinated readily In tap water at room tempera­
ture, at alternating 20-30 C and 15-35 C temperatures. 
Two methods of germination were tested in this study. 
Florets with recently formed fruits were collected, placed In 
petrl plates lined with water-soaked blotters and subjected to 
5 C temperature for two weeks. The florets were then sown 
on greenhouse soil and covered with paper toweling. Germina­
tion was high in all taxa. 
Florets six-months- to one-year-old were allowed to stand 
in tap water at room temperature for two to three weeks. 
Germination was high for S. asper var, asper. S, asper var, 
drnmmnndil and S. clandestinus even when the florets were 
completely submerged. Germination of S, asper var. macer was 
low. 
Asexual Reproduction 
Asexual reproduction by vlvipary was rarely observed in 
transplants of 1049, 1050 and 1056 (Fig, 27), Rhizomes are 
characteristic of S, asper var, macer and are occasionally 
present In §_» clandestinus. In wild populations of S, asper 
var, macer the rhizomes are slender and produce one or two 
culms. Transplants, however, produce many culms, but seed set 
is low. My samples and most herbarium specimens of S, asper 
var, macer were collected before seed was set. If seed set 
in wild populations is low, the selective advantage of 
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rhizomes is obvious. 
Morphological Studies and Numerical Analyses 
Variability Within and Between Populations 
Within population variability for seven taxonomically 
useful variables (2, 3, 5t 8, 9, 18 and 20) is demonstrated 
for 25 populations which were selected to represent a geo­
graphical sample of the 66 populations. In Figs, 28-3^» the 
range of variation for each variable is given with the mean 
indicated below the line. The limits of one standard devia­
tion and the number of plants within the limits are shown 
above the line. The populations are ranked by mean values. 
Because upper blades are frequently missing on mature plants 
and specimens, some data for variable 3 are missing. Addi­
tional populations are included for variables 18 and 20 
because several populations were collected before fruit was 
set. 
Larger values for variables 2 (culm width, Fig, 28), 3 
(terminal blade length. Fig, 29), 5 (terminal sheath width. 
Fig. 30), 8 number of primary panicle branches, Fig, 31) and 
9 (number of spikelets/cm^, Fig. 32) are found in northern 
populations of S, asper var. asper, larger values for vari­
ables 18 (fruit length. Fig. 33) and 20 (fruit length/width, 
Fi*. 3^) are shown for southern populations of S. elandestlnus. 
The presence or absence of lemma pubescence is usually 
constant within a population. Plants with pubescent lemmas 
Pig. 28. Within population variability for variable 2 
(culm width) 
pop. n 
1121 5 
1112 8 
1009 10 
1113 7 
1068 5 
1047 5 
1048 8 
1095 5 
1099 K) 
1120 10 
1017 9 
1031 K) 
1029 8 
1058 8 
1010 8 
1100 K) 
1086 4 
1092 10 
1089 9 
1062 N) 
1014 12 
1013 8 
1066 10 
1072 8 
1008 10 
107B 8 
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Fig, 29. Within population variability for variable 3 
(terminal blade length) 
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Pig, 30, within population variability for variable 5 
(terminal sheath width) 
pop. n 
1017 9 
1121 5 
1113 7 
1047 5 
1029 8 
1009 10 
1031 7 
1095 5 
1058 8 
1099 10 
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1100 10 
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Fig. 31. within population variability for variable 8 
(number of primary panicle branches) 
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Fig. 32, Within population variability for variable 9 
(number of spikelets/cm^) 
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Fig. 33. Within population variability for variable 18 
(fruit length) 
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pop. n 
1095 3 
1092 5 
1086 4 
1100 7 
1089 9 
1066 10 
1010 6 
1072 8 
1008 9 
1043 3 
1011 10 
1117 
1115 
1116 
1102 
1112 
1109 
1009 4 
1088 5 
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Pig. 34. within population variability for variable 20 
(fruit length/width) 
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are Immediately identified as S. olandestlnus. Four popu­
lation samples (1044, 1048, 1101 and 1110) contained plants 
with pubescent lemmas and plants with glabrous lemmas. The 
populations are from Texas, and the plants with glabrous 
lemmas are identified as S, asper var, drummondii. Plants of 
S, elandestinus also have pubescent paleas. All specimens of 
S, asper which I have examined have a slight pubescence 
between the palea nerves. 
Blade pubescence is common, but its absence is recorded 
more frequently in populations of S. asper var. drummondii. 
Collar pubescence was recorded for the majority of plants. 
Few plants were found to have pubescent sheaths. The major­
ity of plants with pubescent sheaths belong to populations of 
S, clandestlnus. Populations 1062, 1069, 1072, IO89 and I090 
of S, asper var, asper contain some plants with pubescent 
sheaths. 
All plants of S, asper which I have examined have 1 
lemma nerve. Lemmas of S, clandestinus may have 1, 2 or 3 
lemma nerves, but the number Is not constant within a popula­
tion or one plant. 
The presence or absence of rhizomes is constant within 
populations which I sampled. Rhizomes are characteristic of 
S, asper var. maoer. but are sometimes present in S, 
elandestlnus. Populations 1029, 1117 and 1121 are the only 
samples Included In the morphological studies which have 
rhizomes. 
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A loose or gelatinous pericarp is characteristic of 
Sporobolus. As discussed in the section on Anatomy, peri­
carps of 8, asper become gelatinous and readily slip from the 
seed when moist. The pericarp of young fruits of S, 
p.lftndestinus becomes loose and may be removed with a scalpel 
when moist. 
For each of the 2? morphological variables, extensive as 
well as restricted ranges of variability were evident. Plant 
height (variable 1) and floret length/width (variable 15) 
were highly variable for the 66 populations which were 
sampled. Little variability was recorded for floret width 
(variable 14) and fruit width (variable 15), 
Extensive as well as restricted ranges of variability were 
also found within individual populations. Substantial within 
population variability was shown for 1014, 1048 and 1062, 
while little within population variability was shown for 
1009, 1013 and 1088. 
Results of F tests between Individual population samples 
are presented in Table 3» The original output of the results 
was a 66 by 66 matrix containing 2112 computed F values for 
each variable. Terminal blades were missing on all plants of 
1078, 1080, 1081 and 1086. Therefore, 1844 F values were 
computed for variable 3- Obviously, the results are more 
meaningful If viewed as the overall matrix. However, it is 
not practical to include here an output of such magnitude. 
Instead, the total number of significant F values for each 
4-9 
Table 3. Significant F values between individual populations 
for variables 2, 3t 5» 8 and 9 
NUMBER OF SIGNIFICANT F VALUES FOR VARIA] 
POP. 2 3 5 8 9 
1008 31 6 25 7 24 
1009 7 25 34 9 46 
1010 11 8 17 29 27 
1011 14 11 21 5 25 
1013 8 9 12 3 17 
1014 8 21 23 33 32 
1015 17 15 11 6 28 
1016 7 14 11 39 12 
1017 21 30 13 4 12 
1029 10 23 19 5 9 
1031 8 36 26 4 14 
1036 9 5 19 5 10 
1039 15 5 38 5 22 
1043 5 4 11 1 37 
1044 9 6 39 6 12 
1047 57 5 62 9 3 
1048 8 6 9 3 27 
1050 4 35 8 14 19 
1056 5 3 31 4 18 
1058 32 11 15 3 8 
1062 6 15 27 7 21 
1064 3 0 9 . 0 9 
1065 8 13 20 7 13 
1066 13 7 12 4 13 
1068 22 . 5 9 5 7 
1069 28 5 10 6 10 
1070 7 0 29 5 19 
1071 13 1 32 ].4 11 
1072 28 5 15 4 11 
1073 15 9 4 2 1 
1077 46 6 10 5 9 
1078 36 13 4 16 
1080 5 11 5 41 
1081 7 17 4 14 
1082 22 3 36 5 19 
1083 13 15 1 9 
1086 2 16 3 14 
1088 45 33 46 1 10 
1089 9 0 17 20 15 
1090 12 4- 20 7 17 
1091 6 3 32 5 14 
1092 16 6 21 11 47 
1093 9 3 17 5 10 
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Table 3• (Continued) 
POP. 
NUMBER OP SIGNIFICANT F 
2 3 5 
VALUES FOR 
8 
VARIABLE 
9 
1094 7 3 25 4 29 
1095 5 0 8 7 14 
1096 6 6 15 5 10 
1097 10 3 22 7 10 
1098 26 5 35 5 10 
1099 12 7 29 5 12 
1100 5 9 27 20 15 
1101 21 7 34 6 37 
1102 8 6 18 5 11 
1107 14 4 34 17 9 
1109 7 3 18 11 32 
1110 23 1 13 5 10 
1111 9 21 31 5 9 
1112 15 5 27 9 11 
1113 40 4 49 41 8 
1114 16 8 25 4 22 
1115 11 9 20 8 10 
1116 10 14 14 4 9 
1117 6 16 13 4 9 
1118 7 9 15 27 42 
1120 6 9 44 7 37 
1121 15 26 26 1 45 
1122 8 12 20 14 10 
TOTAL 944 595 1444 545 1159 
population Is tabulated, A significant P Indicates that the 
means of the two samples belong to different population means, 
but does not Indicate how the mean values differ. The results 
are presented to show that considerable variation exists among 
the populations. 
The results of the analysis of variance for each char­
acter within and among populations are given In Table 4. For 
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Table 4. ANOVA within and among populations for continuous 
and discrete variables 
VAHIABLE df WITHIN df BETWEEN F 
1 66 488 8.75 
2 66 488 20.67 
3 62 364 20.93 
4. 66 482 39.96 
5 66 483 39.63 
6 66 488 13.77 
7 66 488 6.47 
8 66 488 56.86 
9 66 488 64.01 
10 66 488 9.91 
11 66 488 10.23 
12 66 488 17.32 
13 66 488 27.38 
14- 66 488 15.80 
15 66 488 17.55 
18 47 223 26.02 
19 4-7 223 8.44 
20 47 223 38.59 
28 66 482 24.66 
29 66 488 10.24 
all variables, there is a greater variation among populations 
than within populations. All F values are significant at the 
5% level. Because F values cannot be computed for attributes, 
variables 16, 17, 21-25 are excluded, latitude (variable 26) 
and longitude (variable 27) are also excluded. 
Correlation 
Correlation coefficients are an estimate of the degree to 
which variables vary together. Positive coefficients Indicate 
that the variables vary directly. Negative coefficients 
indicate that the variables vary inversely. With 100 or more 
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observations, a correlation of + 0.1 or above is significant 
at the.5# level. Of the 402 possible coefficients, 296 were 
+ 0.1 or above. The largest positive coefficient was O.875 
between variables I6 and 17. The largest negative coefficient 
was 1.000 between variables I6 and 25. Coefficients of 
+ 0,500 or above are given in Table S* Variables 21, 22, 23 
and 24 did not correlate with any other variables at + 0.500 
or above and are omitted• Correlations between variables 5 
and 28, 7 and 29, 14 and 15» 18 and 20 and 19 and 20 are 
irrelevant because one variable is the cause of the other. 
Correlations between 10 and 11, 10 and 12, 11 and 12, 12 and 
13, 14 and 19, 15 and 19, 15 and 20 and 26 and 27 are irrele­
vant because the variables arise from the same cause. Corre­
lations between 1 and 4, 2 and 3» 2 and 4, 2 and 5i 3 and 4 
and 3 and 5 could also be attributed to the latter case. The 
50 correlations between the 19 variables which are not related 
are considered the most important. 
Correlations between variable 26 (latitude) and other 
variables are of particular interest because they reflect 
geographical distribution. Positive correlation between 
variable 26 and 2, 5, 8, 9 and 14 indicates that higher values 
for the variables are characteristic of northern populations. 
Negative correlation of variables 26 and 20 Indicates that 
lower values for the ratio are characteristic of southern 
populations. Negative correlation of variables 26 and I7 
indicates that lemma pubescence occurs more frequently in 
Table 5. Correlation coefficients between individual 
variables of + 0,500 and above 
VARIABLE .500 - .599 .600 - ,699 
1. Plant height 4-
2. Culm width 4,-20*,25 3,9,26 
3. Terminal blade length -20 2,5,9,-16,25 
4. Terminal sheath 
length 1,2,9,-20,25 -16,-1? 
5. Terminal sheath width -17,19 3,8,14,-20,25,-28 
6. Panicle length 28 
7. Panicle width -29 
B, Number of primary 
panicle branches -17 5,-16,-17,-20,26 
9. Number of spikelets/ 
cm2 4 2,3,-16,-18,25,26 
10, First glume length 12 
11, Second glume length 12 
12, Lemma length 10 11 
13, Palea length 
14, Floret width 5,-15,19,26 
15, Floret length/width 17,-19,-25 -14,20 
16, Number of lemma 
nerves -3,-4,-8,-9 
17, Lemma pubescence -5,-8,15,-26 -4,-8 
18, Fruit length -9 
19, Fruit width 5,-15,-20 14 
20, Fruit length/width -2,-3,-4,-19 -5,-8,15 
—26 
25, Gelatinous pericarp 2,4,-15 3,5,9 
26, Latitude -17,-20,-27 2,8,9,14 
27, Longitude -26 
28, Terminal sheath 
length/width 6,29 -5 
29, Panicle length/width -7,28 
^Negative coefficients are preceded by -, 
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.700 - .799 .800 - .899 .900 - .999 1.000 
5,8 
4,7,8,-17 
3,8 
2 , 9 , 2 6  
2,3,4,9,25 
5,8,-17,-20 
11 
10 
13 
12 
18 
-3,-9,18 
16,17,-25 
-9 
8,-18 
5 
17,20 -25 
16,20 
20 
16,17,18,-25 
-20 -16 
-25 
-17 
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southern populations. 
The -1,000 correlation coefficient between variables 16 
and 25 expresses the consistent association of lemma pubes­
cence and the absence of a gelatinous pericarp. It has been 
previously noted, that these two characters are used, to iden­
tify S, clandestinus. 
Factor Analysis 
Factor analysis expresses covariation in terms of under­
lying factors that explain a large part of the variance and 
covarlance of the original variables. With factor analysis, 
complex relationships are resolved into the Interaction of 
fewer and simpler factors, and causal factors behind corre­
lations are Isolated and Identified (Sokal and Rohlf, I909). 
Seven factors which accounted for 99*9% of the total 
variance were extracted from the factor matrix. The results 
are presented in Table 6, Factor 1 contains characters which 
are valuable in separating the taxa and latitude. The char­
acters in factor 2 pertain to spikelet measurements. Func­
tional character complexes cannot be described for the remain­
ing factors. 
Cluster Analyses and Dendrographs 
Cluster analysis is a method of grouping OTU's by a 
similarities matrix derived from correlation or distance 
coefficients. The cluster analyses in this study were based 
on correlation coefficients between OTU's, There has been 
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Table 6. Factor members exhibiting a correlation of + 0,500 
or above with other characters of the factor 
FACTOR FACTOR MEMBERS % VARIANCE 
1 2,3,4,5,8,9,16,17,18,21,25,26 35.52 
2 10,11,12,13,15 14.24 
3 7,24,29 10.76 
4 1,4,6,7 10.83 
5 13,23,27 9.03 
6 14,15,19.26 13.31 
7 21,22 6.30 
much debate among numerical taxonomists concerning appropriate 
methods of deriving the similarities matrix, Rohlf (I967) 
compared matrices derived from correlation and distance 
coefficients between species of mosquitoes. Little difference 
between the resulting phenetic relationships was found. 
One-dimensional graphical representations of cluster 
analyses are referred to as phenograms or dendrograms. The 
dendrograph of McCammon and Wenninger (1970) is a two-
dimensional representation which shows vertical and horizontal 
relationships of the clusters. The horizontal axis corres­
ponds to r values and reflects within-cluster similarity. The 
vertical axis reflectes between-cluster similarity. The large 
distinct clusters, however, are more important in showing 
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overall relationships of the OTU*s, 
In dendrograph 1 (Fig. 35) which is based upon all 29 
variables, two large clusters are seen. Cluster 1 is composed 
of OTU's 1066 - 10131 all are samples of S. asper var. asper. 
The smaller clusters 1010 - 1089 and 1066 - 1081 are not 
highly distinct. Cluster 1100 - 1013 is identified as cluster 
IB and is phenetlcally distinct from lA, 
Cluster 2 of dendrograph 1 is composed of OTU's 1047 -
1112, but is more loosely constructed than cluster 1, Smaller 
clusters can be identified. Cluster 2A1 is composed of 104? -
1113 and is Identified as Texas populations of S, asper var. 
drummondll. 1011 is from a mixed population of S, asper var. 
drummondil and S, clandestinus. Cluster 2A1 is connected to 
cluster 1117 - 1029 (2A2) by 1095, a sample of 8. asper var. 
drummondil from Marlon Co., Kansas, There is certainly a 
phenetlc relationship of 1095 and cluster 2A1 but they are not 
tightly clustered. 1029 and 1121 are samples of S. asper var. 
macer and are phenetlcally distinct from 1117, a sample of S. 
clandestinus with rhizomes. 
Cluster 1017 - 1112 is rather loosely constructed. 
Clusters 2B and 2C can be identified but they are not highly 
distinct. With the exception of three OTU's, clusters 2B and 
2C are composed of samples of S, clandestinus, 1044, 1048 and 
1110 are samples from mixed populations of S, clandestinus and 
S, asper var, drummondil, 
Dendrograph 2 (Fig, 36) is based on a reduced set of 17 
Pig. 35. Dendrograph 1 
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variables. The variables were eliminated after a preliminary 
examination of the data indicated they were of little or no 
taxonomic value. In dendrograph 2 the horizontal relation­
ships of the OTU's are more defined than in dendrograph 1, 
The vertical relationships are slightly more defined. Again 
two large clusters are seen. Clusters lA. and IB are again 
distinct, but some shifts have occurred in lA, OTU's 1010 and 
1096 are grouped differently. The most striking shift is the 
addition of 1095 from cluster 2A. Cluster IB is composed of 
the same OTU's in IB of dendrograph 1, 1014 and IOI3, IOI6 
and 1015 show a closer relationship. 
Cluster 2A is now composed of OTU's 110? - 11131 all 
except 1101 are S. asper var. drummondli from Texas. 
Clusters 2B1 and 2C are still composed of the same OTU's 
but they are rearranged. OTU's 1029 and 1121 (2B2) assume an 
intermediate position between clusters of S. clandestinus 
samples, but are still connected by 1117, Closer relation­
ships between 1112 and 1115» 1120 and 1118, 1088 and 1009, 
1036 and 1031 are seen. The only major shift involves OTU's 
1088 and 1009. 
Dendrograph 3 (Fig. 37) is based on 12 variables from 
factor 1 of the factor analysis. The vertical and horizontal 
relationships between the two large clusters are more defined 
than in dendrograph 2. Cluster 1 is composed of OTU's IO69 -
1013. With the exception of IO65, cluster lA. is composed of 
Fig. 360 Dendrograph 2 
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the same OTU's in cluster lA of dendrographs 1 and 2. 
Cluster IB can."be divided into two smaller clusters: 
IBl, composed of OTU's 1039 - 1113 and 1B2 composed of OTU's 
1100 - 1013, The three OTU's in cluster IBl were located in 
cluster 2 of dendrographs 1 and 2, OTU's 1039 and 1113 are 
samples of S, asper var. drummondii. 1121 is identified as 
S, asper var, macer. Cluster 1B2 is composed of the OTU's in 
13 of dendrographs 1 and 2 with the addition of 1065• The 
rather distant relationship of 1065 and 1100 to cluster 1015 • 
1013 is accentuated, and a higher correlation within and 
between OTU's 1015 - 1013 is shown. 
The composition of cluster 2 is certainly different from 
dendrographs 1 and 2, Cluster 2A is composed of OTU's 104? -
1095. OTU's 1039, 1101 and 1113 which appeared in cluster 
2A of dendrographs 1 and 2 are rearranged. 1095 is grouped 
as it was in dendrograph 1, 
Clusters 2B and 2C are composed of the OTU's in those 
clusters of dendrographs 1 and 2, with the addition of 1101, 
OTU's 1009 and 1088 are grouped as they were in dendrograph 
1. OTU 1117 is also rearranged. 
When the clustering of OTU's is examined, characteristic 
patterns of similarities and dissimilarities of populations 
from particular geographical areas can be seen. Population 
samples? of 8= asper var. asner from Nebraska, Kansas and 
Oklahoma (IOB9, IO9O, I09I, 1092, 1093. 1094, 1097, IO9P) 
form a smaller cluster within cluster lA of each dendrograph. 
Pl%. 37. Dendrograph 3 
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However, 1096 from the same geographical area does not cluster 
with the OTU's In dendrographs 1 and 2. Geographical locality 
cannot entirely account for the consistent clustering. The 
clustering of Texas populations of S, asper var. drummondil 
is consistent in each dendrograph and shows a distinct dissim­
ilarity from Texas populations of S. elandestinus. 
Within small geographical areas the clustering of OTU's 
shows that local populations may exhibit either a distinct 
similarity or dissimilarity with each other. For example, 
1064 and 1073, collected in 'jJoodman Hollow State Preserve, 
Webster Co., Iowa, exhibit a distinct dissimilarity in each 
dendrograph, 1073 was collected from a prairie remnant 
approximately 500 yards from the roadside habitat of 1064. 
The distinctness of the population samples probably results 
from different population structure which reflects the adap­
tive qualities of the populations to the local habitat. On 
the otha* hand, 1118 and 1120 from roadside habitats 60 miles 
apart in Mississippi show high similarity with each other. 
The dendrographs clearly show that the OTU's are pheneti-
cally and to a certain degree geographically distinct. The 
phenetic relationships of S. asper var. drummondil. S. asper 
var. macer and 8. elandestinus are obvious. The overall 
relationships within and between the OTU's are highly consis­
tent, but are more defined when based on the reduced sets of 
variables. Certain OTU's, however, are inconsistently grouped. 
A distinct cluster of OTU's 1013, 1014, 1015, 1016, 1062 
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and 1100 is seen in each dendrograph. Greatest values for 
variables 4 (sheath length) and 8 (number of primary panicle 
branches) were recorded for these samples of S, asper var. 
asper. and may account for the grouping. 
Within S, asper var. drummondii. upper limits for varia­
ble 9 (number of spikelets/cm^) were recorded for 1095» The 
inconsistent grouping of 1095 may be due to variable 9. 
The placement of 1039 with S, asper var. asper in dendro­
graph 3 is explained by variable 4. Within S. asper var. 
drummondii. upper limits for sheath length were recorded for 
1039. 
Floret length/width values of 1113 are within the range 
of variation of S. asper var. asper. and may account for the 
similarity shown in dendrograph 3» 
The absence of a phenetic relationship of OTU's 1029» 
1117 and 1121 in dendrograph 3 is explained by the exclusion 
of variable 2'!- (presence or absence of rhizomes), OTU 1121 
(S. asper var. macer) is included in cluster IBl of dendro­
graph 3, and is grouped with OTU's 1113 and 1039. The high 
values for variable 9» which were recorded for 1121, may 
account for the rearrangement. Within S_. asper var. macer. 
low values for variables 4 and 9 were recorded for 1029» 
and may be responsible for the grouping with S. asper var 
drummondii in dendrograph 3. 
To explain the consistent appearance of two clusters of 
S. elandestinus. the samples were divided into two groups 
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Table 7, Variation in groups 1 and 2 of 8_. clandestlnus 
VARIABIE 
GROUP 1 
RANGE X 
GROUP 2 
RAXTGE X 
3 0.3 - 12,0 3.8 0,2 - 7.0 2.2 
4 4,9 - 21,0 13.0 5.0 - 20,0 9.9 
6 8,0 - 50.0 28.0 5.0 - 42,0 15.8 
7 2,0 - 11,0 5.5 1,0 - 10,0 4,2 
29 20.0 -100,0 55.0 16,0 -130.0 44,0 
corresponding to clusters 2B1 and 20 of dendrograph 2, Group 
1 consisted of OTU's 1099, 1102, 1109, 1112, 1115, 1116 and 
1117. Group 2 consisted of OTU's 1009, 1017, 1031, 1036, 
1050, 1056, 1058, 1088, 1114, 111b and 1120, P and t values 
between the groups were computed for variables 1-15» 28 and 
29. Variables 18-20 were excluded because data were missing 
for group 1. Significant F values were obtained for vari­
ables 3-6,9-14 and 12-15. Significant t values were obtained 
for variables 3-7, 13-15 and 29. For all variables, the 
ranges of variation overlapped. Greatest variation and sig­
nificant differences In variables 3, 4, 6, 7 and 29 (Table 7) 
probably account for the groupings, 
Sporobolus clandestlnus var. clandestlnus and S. 
clandestlnus var, canovlrens were delimited by Steyermark 
(1963) on the basis of floret measurements. My collections, 
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however, exhibited such extensive intergradation of floret 
characters that recognition of two varieties would not be 
practical. I do not think that differences between the two 
groups of my samples of S. clandestinus warrant taxonomic 
distinction. 
The inconsistent grouping of OTU's 1009 and 1088 cannot 
be fully explained. I can only interpret them to be pheneti-
cally intermediate between the two groups. 
Variation Among Taxa 
After taxa were delimited population samples except 1044, 
1048, 1101 and 1110 were grouped by taxa. The range, x, s^ 
and s were computed for variables 1-15» 18-20, 28 and 29. F 
and t values among taxa were computed, P and t values were 
not computed for variables 18-20 for S, asper var. macer 
because only one observation was recorded. The results are 
given in Tables 8 and 9« 
The results clearly show that variation among taxa is 
considerable. Although the P and t values are significant for 
the majority of variables, the ranges of variation are exten­
sive enough to exclude variables 1, 6-7, 10-15, 19» 28 and 29 
to separate the population samples by taxa. 
Variables 2-5, 8-9, 18 and 20 are useful in separating 
the taxa. Data for these variables are summarized in Table 
10. Although the range of variation for variable 4 is con­
siderable in all taxa, it is included to show that 8. 
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Table 8. Significant F values among taxa 
S. asper var, 
asper 
S. asper var. 
drummondll 
S. asper var 
macer 
S. asper var. 
drumraondll 
all except 
1,11,15,20,28 
S, asper var. 
macer 
5,6,8,10,14, 
28,29 
4,6,9,10,12, 
13,14,28 
s. 
clandestlnus 
all except 
1,19 
all except 
4,14,28 
all except 
1,2,6,8,11, 
12 
Table 9. Significant t values among taxa 
S. asper var. 
asper 
S. asper var. 
drummondll 
S. asper var 
macer 
S. asper var. 
drummondll all 
S. asper var. 
macer 
all except 
1,11 
all except 
2,3,8,10 
8. 
clandestinus 
all except 
6 
all except 
7 all 
elandestinus has a shorter sheath. Because several collec­
tions were made before fruit was set, data for variables 18 
and 20 are based on fewer observations. The usefulness of 
these variables in separating the population samples can be 
questioned. 
Table 10. Ranges and means of taxonomloally useful variables 
VAR, S. asper S, asper S, asper 
NO. var. asper var, drummondll var. maoer S, olandestlnus 
2 (1.4) 2.0 — 5.0 1.0 — 2.0( 2.5) 0.2 - 2.2 0.8 - 3.0 
X 2.8 X = 1.5 X 1.5 X 1.7 
3 2.0 35.5 2.0 — 14.0(17.0) 4.0 — 9.0(19.0) 0.2 _ 11.0 
X 16.0 X = 9.4 X 8.6 X 2.9 
4 (9.5)11.0 — 34.0 8.0 — 27.0 15.1 — 28.0(36.0) 4.0 — 21.2 
X 20.6 X — 17.4 X 17.4 X 11.3 
5 (1.3) 1.1 - 6.0 0.8 — 2.0 0.8 — 1.7 0.1 — 3.0 
X 3.5 X 1.2 X 1.2 X 1.5 
8 12 - 35 8 — 18 2 — 16 (3) 1 _ 18 
X 21.2 X 11.8 X 12.1 X 10.0 
9 30 — 75 16 — 36 14 _ 42 2 a. 38 
X = 51.3 X 25.9 X 27.5 X = 19.7 
18 1.0 - 1.8 1.1 — 1.7 1.5 1.1 _ 3.5 
X — 1.4 X 1.4 X 2.3 
20 1.1 - 2.1 1.1 - 2.5 2.5 (1.5)2.0 4.8 
X 1.5 X 2.1 X 2.9 
16 1 1 1 ] L,: 2,3 
17 0 0 0 1 
24 0 0 1 0 ,1 
25 1 1 0 0 
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Herbarium Studies 
Distributional data from herbarium specimens are Incor­
porated Into Pigs, ^ 5» 48 and 51» 
Variables 1-5, 9-20 and 28 were scored from specimens 
selected to represent geographical areas where I had not 
collected. Because only a few specimens of S, asper var, 
maoer had been collected, all available specimens were 
examined. The ranges of variation recorded from the popula­
tion samples were expanded for a few variables, and are in­
cluded in the descriptions of the taxa, larger values for 
sheath width were recorded for asper var. drummondii and 
S, asper var. maoer. For S_. asper var, macer the extreme 
ranges of variation for variable 9 represented by my collec­
tions were intergraded. Ranges of variation were established 
for variables 18, 19 and 20, 
Examination of S. clandestlnus indicated a clinal varia­
tion of palea length. Specimens from the southeastern and 
northeastern coastal plains states have longer paleas. 
Specimens from the central inland states have Intermediate 
paleas. The shortest palea lengths were recorded from speci­
mens from Texas and Oklahoma, The variation is summarized in 
Table 11, and shown in Pig. 50. 
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Table 11, Variation In palea length in S, clandestinus 
REGION RANGE N X 
Florida 7.0 - 10.5 11 8.3 
Georgia, Alabama 
Mississippi 4.6 - 8.4(10.1) 33 6.7 
Connecticut, 
New Jersey 5.5 - 7.0( 8.5) 7 6.3 
Delaware, Mary­
land , Virginia (4.2)5.1 - 7.5( 7.9) 26 6.1 
Indiana, Illinois, 
Wisconsin, Iowa 5.3 — 6.5( 7.0) 18 6.0 
North and South 
Carolina (4.6)5.0 — 7.3( 
00 
21 5.9 
Tennessee, Missouri, 
Arkansas, Louisiana 4.1 — 6.7( 7.3) 93 5.3 
Texas, Oklahoma (3.2)3.7 - 5.9( 6.6) 51 4.5 
Uniform Environment Studies 
Experimental Background 
Variation in a widely distributed species may result from 
genetic differences and/or environmental modifications of the 
phenotype. The pioneering works of Turesson (1922a, 1922b) 
and Clausen, Keck and Heisey (1940, 1947) demonstrated that 
these differences could be distinguished with uniform environ­
ment studies. These works contributed to an understanding of 
the nature of the species and lead to the concept of ecotypic 
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variation. Subsequent studies by McMillan (1959) have shown 
that ecotypic variation is common in several grass species 
native to the grasslands of the Central United States, The 
variation reflects the adaptive qualities of local populations 
to selective forces such as length of growing season, tempera­
ture, day length and moisture which prevail In the native 
habitat. 
Studies of grasslands species have shown that variation 
In flowering behavior is genetically determined and is an 
indicator of ecotypic variation (McMillan, 1956a, 1956b, 1957» 
1959» 1965a» 1967). Responses by transplants grown in uniform 
gardens generally reflected the flowering behavior observed in 
wild populations. 
The most frequent pattern of flowering behavior Involves 
earlier flowering by transplants from northern and western 
sites and later flowering by transplants from southern and 
eastern sites. This type of response has been recorded for 
Bouteloua gracilis (H, B. K.) Lag, ex Steud,, B, curtipendula 
(Mlchx.) Torr, in Emory (McMillan, 1956a), Andropogon 
scoparlus Mlchx, (McMillan, 1956b), the A, gerardi Vltman-
hallll Hack, complex, Sorghastrum nutans (L. ) Nash, Panlcum 
vlrgatum L, (McMillan, 1965b), Sporobolus heterolepls (A, Gray) 
A, Gray and Koeleria crlstata (L.) Pers (McMillan, 1959), 
WTihlenbergja rac-emosa (MiohZ;) B: 8= P; maintained in a uni­
form garden also exhibited this pattern of flowering (Mitchell, 
1962), McMillan (1959) also observed that transplants from 
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southern sites tend to flower over a longer period of time 
than those from northern sites. 
Earlier flowering by transplants from higher elevations 
and later flowering by transplants from lower elevations has 
been recorded for Andropogon scoparius. A. gerardi, Panicum 
virgatum and Sorghastrum nutans (McMillan, 196?I Quinn, 1969)* 
Similar responses have been reported for Sporobolus 
cryptandrus (Torr.) A, Gray (Quinn and Ward, 1969) and 
Deschampsia caespitosa (L.) Beauv, (Ward, I969). The reverse 
response, or earlier development by transplants from lower 
elevations, has been shown for Koeleria cristata (Robertson 
and Ward, 1970). The response by K, cristata was correlated 
with the moisture regime of the native habitat which was 
interpreted as a more Important selective force than length 
of the growing season. 
Earliest flowering by transplants from southern sites, 
intermediate flowering by transplants from northern and 
western sites, and latest flowering by transplants from 
eastern sites was shown for Elymus canadensis L, (McMillan, 
1959). 
Stlpa spartea Trln., S. comata Trln. & Rupr, and 
Oryzopsis hymenoldes (Roem. & Shult.) Hlclcer in Piper 
exhibited an absence of geographically oriented flowering 
1 Ion lQ<Ol . 
Early studies of flowering held that photoperlod alone 
was responsible for the flowering process. Subsequent 
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investigations demonstrated that other environmental varia­
bles, as well as genetic and physiological factors were in­
volved (Chailakhyan, 1968), The adaptive significance of 
flowering and photoperiod in grasslands species has been 
substantiated with controlled photoperiod experiments. 
Flowering behavior patterns in greenhouse studies were similar 
to those in the garden (McMillan, 1959)* Flowering behavior 
under simulated climatic conditions also demonstrated the role 
of photoperiod in the selection of ecotyplc variants 
(McMillan, 1965b). 
McMillan (I969) has studied the survival patterns of 
Andropogon scoparius. A, gerardi. Panicum virgatum and 
Sorghastrum nutans maintained for four years in a transplant 
garden in Central Texas. High survival rates by transplants 
from southern sites further documented the selection for 
populations with adaptations to the local environment. 
Survival Patterns in the 8. asper Complex 
23 of the ^ 0 transplants in garden plot 1 survived the 
winter of 1970-71 (Table 12), 1048 and 1056 were destroyed 
by a bulldozer prior to spring emergence. IO36, IO69 and RQL 
were inadvertently destroyed during the summer 1971. 19 of 
the 20 remaining plants flowered during the 1971 season. 
1047 did not flower. The sample from Wisconsin (IO78), four 
samples from Iowa (1064, I070, IO71, IO82) and two samples 
from Missouri (1016, 1062) did not survive. All samples from 
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Table 12. Survival of transplants In garden experiment 1 
NUMBER OP CLONES 
POP. 1970 1971 1972 
1001 1 1 1 
1005 1 1 0 
1010 1 1 1 
1011 1 1 1 
1013 1 1 1 
1014 1 1 1 
1015 1 1 
1016 1 0 0 
1017 1 0 0 
1029 1 0 0 
1031 1 0 0 
1036 1 1 0 
1039 1 0 0 
1043 1 0 0 
1044 1 0 0 
1047 1 1 1 
1048 1 0 0 
1049 1 0 0 
1050 1 0 0 
1054 1 1 1 
1056 1 0 0 
1058 1 0 0 
1059 1 1 1 
1061 1 1 1 
1062 1 0 0 
1064 1 0 0 
1065 1 1 1 
1066 1 1 1 
1068 1 1 0 
1069 1 1 0 
1070 1 0 0 
1071 1 0 0 
1072 1 1 1 
1073 1 1 1 
1077 1 1 1 
1078 1 0 0 
1080 1 1 1 
1081 1 1 1 
1082 1 0 0 
RQL 1 1 0 
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Arkansas and Louisiana died during the 1970-71 winter. 
Seven of the 11 samples from Texas also died. Four samples 
from Texas (1036, 1047, 105% and RQL) were the only survivors 
from sites south of 34° N latitude. Three of the surviving 
samples (10^7, 10^4 and RQL) were from areas with shorter 
growing seasons than other areas at equivalent latitudes. 
Only one surviving sample, 1036, was from an area with a 
growing season longer than 251 days. 
Of the 20 remaining samples, 18 survived the winter of 
1971-72. 1005 and 1068 did not survive. 
195 of the 205 clones transplanted to garden plot 2 
survived the 1971 growing season (Table 13), 58 of the 
clones which were not removed to the greenhouse did not sur­
vive the winter of 1971-72, All clones of 1017, 1029, IO3I, 
1036, 1037, 1049, 1050, 1056, 1057 and IO58 died. Transplants 
from four populations survived in garden plot 1 but died in 
garden plot 2 (one clone of 1001-1, 1014-3 and 1036-2, two 
clones of 1036-3 and 1047-4), Transplants from 1062 and 1082 
died in garden plot 1 but survived in plot 2, 
Results from the experiments show high survival rates by 
transplants from northern areas and low survival rates by 
transplants from southern areas. However, certain transplants 
from southern areas apparently have a greater tolerance for 
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Table 13. Survival of transplants In garden experiment 2 
NUMBER OF CLONES 
POP. SPRING 1971 PALL 1971® SPRING 1972 
1001 7 4 3 
1005 5 2 2 
1009 3 2 1 
1014 8 5, 4 
1015 9 5^ 5 
1017 4 2. 0 
1029 11 7b 0 
1031 7 4 0 
1036 5 3 0 
1037 3 2 0 
1043 9 6 4 
1044 9 6 2 
1047 9 6 4 
1048 9 6 5 
1049 8 5 0 
1050 8 5 0 
1056 7 4 0 
1057 3 2 0 
1058 7 4 0 
1061 9 4® 4 
1062 8 1^ 1 
1068 9 6 6 
1072 7 5 5 
1078 6 2 
1082 7 3b 3 
1086 7 5^ 5 
1088 9 5b 3 
WED 5 2 0 
RQL 6 4 2 
^•Number of clones remaining after removing one clone of 
each sample. 
^One clone did not survive summer of 1971. 
°Two clones did not survive summer of 1971. 
^Pour clones did not survive summer of 1971. 
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Flowering Behavior in the S, asper Complex 
Flowering behavior was monitored at regular intervals 
throughout the garden and. growth chamber studies. Dates for 
first flowering were recorded when it became apparent that 
Inflorescences had developed,. Because many clones did not 
show inflorescence and/or anther exsertion, an interpretation 
of these phenological stages was not emphasized. 
In garden plot 2 I90 clones flowered during the 1971 
season. The earliest date of flowering by any clone was 28 
July, 57 days after planting. Flowering was continuous 
throughout the summer and fall months and into the first week 
of November when severe frosts occurred in Ames, The latest 
date for first flowering by any clone was 24 October, 146 
days after planting. The following clones did not flower: 
Replicate I, 1031-3» Replicate II, 1029-41 Replicate III, 
1088-6, 1058-4, 1031-3. 
Fig. 38 shows the number of days to first flowering by 
all clones of each population. The populations are ranked 
by the mean number of days to first flowering. Several groups 
which represent peaks of flowering times are evident and are 
indicated by double-headed arrows. 
As shown in Pig. 38, all clones of IO78, 1086, and 1057 
flowered by 22 August, 82 days after planting. 88 days after 
planting (28 August) all clones of 1001, 1072 and 1082 
flowered. The mean number of days for the first group to 
Pig. 38, Days to first flowering In garden experiment 2 
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flower ranged from 69.5 to 79»0» All clones of 1017, 1068 and 
1062 flowered within 95 days after planting. These popula­
tions appear in the second group. 
The clones of the six populations shown in the third 
group flowered from 8 August until I6 September or 10? days 
after planting. The mean number of days to first flowering 
ranged from 90.4 to 98.4. 
Several clones of the remaining 13 populations flowered 
as early as 75 to 95 days and as late as 140 to 143 days (late 
October) after planting, A fourth group, however, can be 
shown with 1005, 1050, RQL, 1037 and 1029. The majority of 
clones in this group flowered by 5 October or 127 days after 
planting. Only one clone of 1005 and one clone of 1029 
flowered at a later date. 1005 overlaps the third and fourth 
groups, 1029 and WED overlap the fourth and fifth groups. 
The fifth group is characterized by late flowering with the 
mean number of days ranging from 116.2 to 132.3. 
Fig. 38 also shows the range of first flowering dates 
within each population. Most clones in groups 1, 2 and 3 
tended to flower during a period of one to four weeks. Clones 
in groups 4 and 5 flowered during a period of four to seven 
weeks. 
The dates of flowering generally reflected a trend of 
early flowering by samples from northern sites and later 
flowering by samples from southern and southwestern sites. 
With one exception, the populations in groups 1, 2 and 3 were 
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from sites north of 36° where the length of growing season is 
less than or equivalent to 235 days. The exception was 1049 
from Hamilton Co., Texas, The north-to-south ranking of 
populations In groups 1, 2 and 3, however, is interrupted by 
1057 and 1017, Both populations flowered earlier than other 
populations flowered earlier than other populations from 
equivalent latitudes. 
Wild populations of the S, asper complex from northern 
latitudes (40-44° N) begin to flower by early to mid-August 
when day lengths range from 14 hours 36 minutes to 13 hours 
41 minutes (List, 1968), At intermediate latitudes (36-39° N) 
flowering begins during mid-August to early September when 
day length range from 13 hours 41 minutes to 12 hours 38 
minutes. At southern latitudes (30-35® N) flowering begins 
during early to mid-September when day lengths range from 12 
hours 46 minutes to 12 hours 18 minutes. 
With one exception, the populations shown in groups 1, 2 
and 3 In Pig, 38 flowered during a time when day length at 
Ames corresponded to day length during flowering season at 
the original location, 1057 from a site at 33°57' N flowered 
during day lengths ranging from 13 hours 23 minutes to 13 
hours 4 minutes at Ames. 
The populations from southern sites shown in groups 4 and 
5 in Fig. 38 flowered in Ames from late August to late October 
when day lengths range from 13 hours 32 minutes to 10 hours 
4-0 minutes. Although some clones in groups 4 and 5 flowered 
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when day lengths at Ames corresponded to day lengths of the 
native location at flowering time, the majority flowered when 
day lengths at Ames were shorter. 
Flowering data from the growth chamber experiments are 
summarized in Table 14-. Results from 14- populations which 
were also present in the garden (G) are included. 
The 13-hour photoperlod In experiment 1 was selected 
because it is a common photoperlod during the flowering 
season. Eighteen clones from 14- populations flowered in 
experiment 1, Clones of 1009» 1010, 1013, 1016, 1049, 1050, 
1054, 1056, 1058 and WHD did not flower. Little relationship 
of original location and flowering was observed. The clones 
of 1029, 1031, 1033 and 1036 from pine woods areas of Louisi­
ana and Texas flowered shortly after the start of the 
experiment, 
Clones from five populations (IO3I, 1033, 1036, 1088 and 
RQL) flowered in experiment 1 but not during the 13-hour 
photoperlod in experiment 3. Clones of 1013 and 1050 flowered 
under 13 hours in experiment 3 but not In experiment 1, 
The 16-hour photoperlod was selected to determine if 
there were discrete differences between short- and long-day 
responses. The 16-hour photoperlod does not occur at any time 
within the geographical range of the S. asper complex. Forty 
clones in 20 populations flowered in experiment 2, Clones of 
1013, 1029, 1036 and 1059 did not flower. One clone each of 
1013, 1036 and two clones of 1059 flowered under 16 hours in 
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experiment 3. Clones from seven populations flowered in 
experiment 2 but not under the l6-hour photoperiod in experi­
ment 3. There was no relationship between the experiments and 
the number of days for flowering to occuri e.g., clones of 1017 
and 1088 flowered shortly after the start of experiment 2, but 
did not flower under the l6-hour photoperiod in experiment 3. 
At least one clone from each population flowered in 
experiments 3A and 3B, Few differences in flowering were 
observed between the different light intensities. Clones of 
1010, 1013, 1056 and 1088 flowered under longer photoperiods 
in A than in B, Clones of 1029 and 1033 began to flower under 
a one-half hour shorter photoperiod in B than in A. Clones of 
1013, 1039 and 1050 flowered over a longer span of time in A. 
Clones 1001, 1010, 101? and 1033 flowered over a longer span in 
B. Clones from 13 populations flowered under two different 
photoperiods. Second flowering occurred more frequently in 3A 
than in 3B. In experiment 3, clones from northern sites 
tended to flower under longer photoperiods than those from 
southern sites. Most clones flowered under a shorter photo­
period in experiment 3 than in the garden. 
As shown in Table 14, clones from IOI6, 1054, IO59, 1066 
and 1086 tended to flower under photoperiods of 16 to 13 hours. 
Clones of 1029, I03I, 1033, 1036, 1039, 1049, 1050, 1056, 1058, 
RQL and WHD tended to flower under photoperiods of 13 to 10| 
hours. Clones from the remaining populations flowered under 
various photoperiods and appear to be day-neutral. 
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Table l'I-, Flowering In growth chamber and garden experiments 
NUMBER OF CLONES FLOWERING IN DAY LENGTH HOURS 
POP. EXFT. 16 IH 14- 13l 13 12i 12 Hi 11 lOi 
1001 1 1 
2 2 
3A la la 
3B 1^ 1 la 
G 6 1 
1005 1 1 
2 1 
3A la la 
3B la 1 la 
G 2 2 2 
1009 1 0 
2 4 
3A 11 
3B 11 
G  1 1 1  
1010 1 0 
2 ^  2 
3A^ 1 
3B 11 
1013 1 0 
2 0 
3A 1 1® la 
3B 2 
1016 1 0 
2 1 
3A 1 
3B 2 la 
1017 1 1 
2 1 
3A 1 
3B 1 
G 2 11 
aciones flowered twice under two different photoperlods. 
^Clones died I 1010, 1 clone In 3A, 2 clones In 3Bj 1066, 
1 clone In 3B| 1086, 1 clone In 3B. 
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Table 14, (Continued) 
NUMBER OP CLONES FLOWERING IN DAY LENGTH HOURS 
16 14"# 14 13è 13 12& 12 Hi 11 10# POP. EXPT. 
1029 
1031 
1033 
1036 
1039 
1049 
1050 
1054 
1 
2 
3A 
3B 
G 
1 
2 
3A 
3B 
1 
2 
3A 
3B 
1 
2 
3A 
3B 
G 
1 
2 
3A 
3B 
1 
2 
3A 
3B 
G 
1 
2 
3A 
3B 
G 
1 
2 
3A 
3B 
1 
1» 
1 
1» 
4 
2^ 
1» 1® 
la 
1 2  2  1  
2 
1 
1 
1» 
2 4 
0 
la 
1 5 
0 
1^ 1 
1 
1 
1 
1 1 
2 
1 1 
1 
1 1 
1 
1 1 
1 
1 
3 
1® 
1» 
1 
1 
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Table 14, (Continuée^) 
NUMBER OF CLONES FLOWERING IN DAY LENGTH HOURt> 
POP. EXPT. 16 14i 14 13i 13 12| 12 111 11 lOi 
1056 1 0 
2 2 
3A 
3B 
G 1 
1058 1 0 
2 , 
3A^ 
1 
3B^ 
G 1 
1059 1 1 
2 0 
3A 2^ 
3B la 1» 
1066 1 2 
2 4 
3A^ 2» 1^ la 
3B^ 1& 1® 
1086 1 2 
2 4 
3A. 2» 1& 1^ 
3Bb 1® la 
G 7 
1088 1 1 
2 4 
3A 
3B 
G 2 4 
RQL 1 2 
2 4 
3A 
3B 
G 2 
WHD 1 0 
2 1 
3A 
3B 
G 1 1 
2» 
1 
1 1 
1 1 
3 1 
1 
2 
1 
2 
90 
Differences between flowering In the experiments and 
within the same clones is seen. These data do not provide 
sufficient evidence that photoperiod alone is responsible for 
flowering in the S, asper complex. Several variables could 
account for these discrepancies: condition of the plant, 
photoperiod which the plant was exposed to before the experi­
ments began, thermoperiod, available moisture, minor differ­
ences within the growth chamber environment, experimental 
error. 
Morphological Variation in Growth Chamber Plants 
Clones from northern sites which flowered under short 
photoperiods in experiments 1 and 3 were stunted and produced 
short, often distorted panicles. When grown under the longer 
photoperiod in experiment 2, the plants produced tall, stout 
culms with normal panicles. 
Varying results were recorded for plants from southern 
and intermediate latitudes. Clones of 1005, 1009» 1033i 1039, 
1049, 1050, RQL and WHD were usually as tall as wild plants 
irrespective of photoperiod at flowering time. Clones of 
1010, 1013, 1017, 1029, 1031, 1056 and 1059 were stunted under 
all photoperiods. 1016 and 1054 produced tall culms under the 
16-hour photoperiod of experiment 2 but produced stunted culms 
under the I6- to m-hour photoperiods in experiment 3, Clones 
of 1054 which flowered under shortet photoperiods in experi­
ment 3 were as tall as wild plants but had weak, narrow culms. 
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Clones of IO36 were stunted when grown under the 13-hour 
photoperlod In experiment 1, but produced tall culms under the 
11- to 12-hour photoperlod In experiment 3. 
Few morphological differences were recorded for experi­
ments 3A and 3B. Clones of IOI7, 1036, IO50 and 1056 were 
slightly taller in 3A« Clones of 1001, 1005» 1066, RQL and 
WHD were taller when grown under the lower light intensity of 
3B, No relationship of shaded habitat and lower light inten­
sity was detected. 
These results indicate that populations from southern 
sites possess a greater physiological and phenotyplc plas­
ticity than populations from northern sites. However, some 
populations from southern sites appear to be more sensitive 
to photoperlod than others from southern sites. 
Morphological Variation in Garden Plants 
The ANOVA of garden-grown plants involved two F tests. 
In the first test, variance due to interaction of plant and 
replicate effect or error effect was determined to be non­
significant, Because no significant F values were obtained, 
variance due to replicate effect was tested by a pool tech­
nique as recommended by Sokal and Rohlf (I969), No P values 
were significant at the S% level. The results indicated that 
any significant variance amon% the plants was not due to 
location of the plants within the replicate, experimental 
error or environmental differences between the replicates. 
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Significant variance among garden-grown plants was attribu­
table to differences within and among the populations from 
which they were collected. The objective of the garden 
experiment was to determine if the variation was genetically 
or environmentally controlled. 
Within any single sample, the presence or absence of 
lemma pubescence, gelatinous pericarp and rhizomes remained 
unchanged. The number of lemma nerves in asper remained 
unchanged. The number of lemma nerves in 2* clandestlnus was 
1, 2 or 3. 
Variation In the presence or absence of leaf pubescence 
was considerable even among clones of the same plant. The 
variation however, did not occur in all taxa. There was no 
variation in blade pubescence among clones of S. clandestlnus. 
or in collar pubescence among clones of asper var. asper. 
Sheath pubescence was not observed in any garden-grown plants 
of S. asper var. asper. S. asper var,. drHmmnndii and S, asper 
var, macer. 
Considerable variation within and among clones and 
populations was observed for the continuous and discrete vari­
ables and the ratios, F and t tests showed significant 
differences between wild and garden-grown plants. The major­
ity of garden-grown plants had shorter and wider culms, termi­
nal sheaths and panicles ; shorter terminal blades and smaller 
splkelets than wild-population samples. 
The ranges of variation for terminal sheath width, 
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panicle length, terminal sheath length/width and. panicle 
length/width were extended for all taxa. For S. asper var. 
asper more variability was recorded for panicle width, 
floret width, fruit length and fruit length/width. For S, 
asper var, drummnndli more variability was recorded for 
panicle width, number of spikelets/cm2, glume, lemma and 
fruit length and fruit length/width. For S, asper var. macer 
more variability was recorded for panicle width, number of 
primary panicle branches, number of spikelets/ cm^, first 
glume and fruit length, floret and fruit width, and floret 
length/width. For S, clandestinus more variability was 
recorded for culm width, number of spikelets/cm^ and glume 
lengths. 
Among the taxonomically useful variables (2, 3, 4, 5» 8, 
9, 18 and 20), ranges of variation were not extended for 
terminal blade and sheath lengths. Although the ranges of 
variation for oulm width, terminal sheath width, number of 
primary panicle branches, fruit length and length/width were 
extended, the taxa could still be distinguished by these 
variables. The diagnostic value of variable 9 (number of 
splkelets/cm^) was highly modified. Garden-grown plants of 
S, asper var, drummondii and S, clandestinus produced denser 
panicles than wild plants. For some clones of all samples, 
hoi^everi the number of spike le ts/cm^ remained vrithin the 
limits of variation observed in wild populations. The clones 
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which produced dense panicles flowered late in the season. 
The results demonstrated that some differences among the 
taxa were genetically controlled. Other differences were 
slightly modified within the garden environment but remained 
diagnostic In separating the taxa. Fewer differences between 
wild and garden plants were recorded for S. asper var, asper 
and S, clandestlnus than for 8_. asper var, drHmmmndU and S, 
asper var, macer. Representative specimens from garden and 
wild populations are shown In Figs, 39-42, 
Figs, 39-4-2. Comparison of wild and. garden-grown plants 
Fig. 39. S, asper var. asper. left, wild ; right, 
garden-grown plant ; R. L. Rlgglns 1001, 
line scale 10 cm 
Fig, 40. S. asper var. drummondll. left, wild ; 
right, garden-grown plant ; R» L, Rlgglns 
1043, line scale 10 cm 
Pig, 41. S. asper var, maoer. left wild ; right, 
garden-grown planti R. L. Rlgglns 1029 
line scale 10 cm 
Pig. 42. 8, clandestlnus. left, wild ; right; 
garden-grown plant; R, L, Rlgglns 1036, 
line scale 10 cm 
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DISCUSSION 
Taxonomy of the Sporobolus asper Complex 
Throughout this paper I have referred to the taxa as I 
recognize them and have presented evidence for their delimita­
tion, Four taxa are recognizedi 8, asper var, asper. S, 
asper var, drummnndll. 8. asper var. macer and 8, 
clandestInus, My taxonomlc treatment is based upon the 
simultaneous evaluation of the variation within and among 
local populations which share certain traits. 
Morphological variation within and among local popula­
tions was assessed for 14 continuous and three discrete 
t 
variables, four ratios and six attributes. The presence or 
absence of rhizomes did not vary within populations. Within 
population variability for presence or absence of lemma 
pubescence and gelatinous pericarp was recorded for four 
Texas populations. Considerable variation within and among 
populations was recorded for leaf pubescence. 
Much variation was recorded for the continuous and 
discrete variables and the ratios. The variation however, 
does not take the same form In all populations. Within any 
single population some characters are highly variable, and 
other characters are slightly variable. For any single 
character, variation is greater among populations than within 
populations. 'The range of variation is not the same within 
all populations I extensive variability is observed in some 
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populations whereas restricted variability is observed in 
others. Variation in several characters is more or less 
normally distributed from one extreme to another with all 
degrees of intermediacy represented, A few characters are 
blmodally distributed and are diagnostic in separating taxa. 
Morphological variation of some characters is geographic 
and is expressed as clinal and mosaic patterns, A north to 
south clinal variation was observed form culm width, sheath 
width, number of primary panicle branches, number of spike-
lets/cm^; floret width and fruit length/width, Clinal 
variation in pa lea length was recorded for 8^, clandestinus. 
Cluster analyses of 66 population samples (OTU's) showed 
that the populations were phenetically distinct. A consist­
ent phenetic relationship among OTU's of S, asper var, 
drummondii. S, asper var. macer and S. clandestinus was seen. 
OTU's of S, asper var, asper showed little phenetic relation­
ship to the OTU's of the other taxa. The overall relation­
ships within and between the OTU's were more defined when 
the cluster analyses were based on fewer variables. Charac­
teristic patterns of similarities and dissimilarities of the 
OTU's from particular geographical areas were observed. The 
patterns reflect similar or dissimilar population structures 
resulting from specialization and adaptation to the local 
environment. 
Physiological variability in flowering behavior was 
observed in the uniform garden. The variability was 
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expressed as overlapping patterns along a north to south 
gradient. In general, plants from northern sites flowered 
earlier, under longer photoperiods and over a shorter period 
of time than plants from southern sites. Transplants from 
southern sites tended to flower under short photoperiods, but 
some appeared to be photoperlodically neutral. Results from 
the uniform environment experiments also showed a greater 
physiological and phenotypic plasticity in populations from 
southern sites than in populations from northern sites. 
Genetic control for the presence or absence of lemma 
pubescence, gelatinous pericarp, rhizomes and to some extent 
the number of lemma nerves was demonstrated In plants grown 
under uniform conditions. The variation in certain continuous 
and discrete characters was slightly modified in the garden 
environment but remained diagnostic in separating the popula­
tions by taxa. Apparently the ranges of variation are under 
genetic control. Other characters were highly modified in the 
garden environment and are apparently environmentally con­
trolled. 
The amounts and kinds of variation in populations of the 
S, asper complex is undoubtedly affected by the breeding 
system. Members of the S. asper complex are cleistogamous 
but outcrossing can occur within the populations. Outcrossing 
between populations is possible but probably occurs very 
rarely. Recent theoretical and experimental studies show 
that the population structure of inbreeding species is 
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highly complicated, genetically variable and cannot be pre­
dicted by any single factor. Rather it is the "result of an 
integration of inbreeding into the totality of genetic and 
ecological factors affecting population structure" (Allard, 
Jain and Workman, I968). As a result the variability in 
local populations reflects the adaptive qualities of the 
population to the local environment. The breeding system 
allows for the maintenance of highly adapted characters, but 
also allows for flexibility and survival in a changing 
environment. This characterization of population structure 
encompasses the concept of ecotypic variation but accounts 
for the role of the breeding system. It applies to the 
population structure exhibited by the S. asper complex. 
Variation observed in the population samples was 
supplemented with data from herbarium specimens. The data 
are Incorporated into descriptions given with each taxon. 
Herbarium studies also provided distribution data and further 
Information of local population structure, 
Sporobolus asper var. pilosus Is known only by herbarium 
specimens from Ellis, Gove and Hamilton Cos,, Kansas. The 
specimens are easily recognized by the pilose blades, but 
otherwise resemble specimens from New Mexico and Utah, They 
are regarded as representatives of locally adapted populations 
and included In 8: fisper var: fisper^ 
The characters which distinguished population samples 
i 
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of S, asper var, asper and S, asper var. drnmmnndil showed 
overlapping ranges of variation. Intermediates "between the 
varieties are shown by Tharp 511*'523» Shinners 16733» Gould 
7841 and Mahler 4117. The taxa cannot be distinguished by 
any single character; the association of the characters must 
be considered. 
The presence of rhizomes in S, asper var. macer has been 
noted. Rhizomes are also present in some populations of S, 
clandestinus from Jasper Co., Missouri, Osage Co., Oklahoma 
and several locations in East Texas. Pernald and Long 11524 
from Gates Co., North Carolina also has rhizomes. The 
rhizomatous populations of S. clandestinus occur in sandy soil 
and often in pine woods. Several of the specimens have ex­
tremely short lesanfts with three nerves and short appressed 
hairs at the base. 
The relationships of the taxa are not clarified on a 
cytological basis. Quite probably the taxa were derived from 
parental populations with x = 9 and are hexaploid. 
Greatest diversity of the complex is in the southwestern 
areas of its geographical range, particularly in Texas where 
all taxa are represented, Sporobolus clandestinus occurs 
primarily in the coastal plain province. Sporobolus asper 
var. macer has a restricted distribution in pine woods areas 
of Kisslssippl, Louisiana, Arkansas and Texas. Sporobolus 
asper var, drummondii occurs from Alabama to Texas and 
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Missouri but is most abundant In Texas, Sporobolus asper 
var. asper is most abundant in northern areas which were 
glaciated. 
McMillan (1959) has postulated three primary points for 
the postglacial distribution of grasslands vegetation. One 
was in southern Oklahoma.and northern Texas, another was in 
the Southeastern United States, the third was a western semi-
montane area such as Colorado Springs, Colorado. 
The past history of the S, asper complex can be postu­
lated assuming that parental populations were self-compatible, 
variable and centered in Texas, The derived progeny probably 
possessed morphological and physiological variability, Invaded 
new areas and established different populations. Subsequent 
interbreeding, backcrossing and migration would have resulted 
in the establishment of yet different populations. Within the 
populations, variability could be retained by complex inter­
actions of the breeding system, genetic and ecological factors 
affecting the population structure. As a result of the selec­
tion and. maintenance of the diverse variability, the asper 
complex became differentiated into local populations which 
reflected the adaptive qualities to their local environment. 
Populations with pubescent lemmas may have migrated from 
Texas toward the east and differentiated into S_, clandestinus. 
Populations with rhizomes may iiave beGome localized in pine 
woods areas and those with glabrous lemmas differentiated 
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into S. asper var, maoer. Populations of S, asper var, 
dTMwmnndii probatly differentiated near the parental popula­
tions "but did not migrate into large geographical areas. 
Populations which could migrate into northern, previously 
glaciated areas differentiated into 8. asper var. asper. 
Key to Taxa 
1. Lemma pubescent; pericarp loose when moist; 
Massachusetts to Florida and Texas to Kansas, 
Iowa, Wisconsin and Indiana — S. clandestlnus 
1. Lemma glabrous; pericarp gelatinous when moist 2 
2. Rhizomes present; pine woods areas of 
Mississippi, Louisiana, Arlcansas and 
Texas 8. asper var. macer 
2. Rhizomes absent —— 3 
3. Culms 1.0 - 2,0(2.5) mm wide; terminal sheath 
0,8 - 2,0(2,5) mm wide; panicles with 8-18 primary 
branches, lax, 16 - 36 spikelets/cm^; Alabama to Texas, 
Oklahoma, Kansas and Missouri S> asper var, drnmmmndi1 
3. Culms (1.4) 2,0 - 5.0 mm wide; terminal sheath 
(1.3) 1.5 - 6.0 mm wide; panicles with 12 - 35 
primary branches, crowded, dense, 30 - 75(88) 
splkelets/cm2; Vermont to North Carolina, Mississippi, 
Texas and North Dakota, New Mexico, Colorado, Utah, 
and Washington as£e^ var. asper 
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Sporobolus asper var. asper 
Sporobolus asper (Mlohx.) Kunth var. asper (Figs. 43-44) 
Sporobolus asper (Mlohi.) Kunth, Rev, Gram, li 68, 18291 
Agrostls ABPBHA Mlohx. PI. Bor. Amer, li 52. 1803» Type P. 
Fragment US I Photograph US I Is o type PJ A. Michaux, 
Illinois, VIIfa aspera (Mlchx.) Beauv. Ess, Agrost. 16: 14?. 
1812! Muhlenbergla aspera Trln, ex.Kunth, Bnum. PI. li 210. 
18331 pro syn. 
Agrostls COMPOSITA Polr. In lam, Encyol, Supp. li 254. 18101 
Type not located. L. A. G. Bosc, Carolina, Vllfa composlta? 
(Trln.) Beauv, Ess, Agrost, l6i 14?, 1812! Muhlenbergla 
compos1ta? Trln. ex Kunth, Enum. PI. li 229. 1833* pro syn. 
Sporobolus compos1tus (Polr.) Merr. U. S, Dept. Agr, Dlv. 
Agrost. Clr. 35» 6, 1901! 
Agrostls INVCLUTA. Muhl, Descr. Gram, i 72. 181?! Type PHI 
Fragment US! H.„ Muhlenberg 114, Pennsylvania. 
Vllfa HOOKERI Trln. Acad. St. Petersb. Mêm. VI, Scl, Nat, 6i 
106. 1840! Type El Fragment US! Isotypes PE, W. Fragments 
US! Isotypes GH! MO! T. Drummond. 306, Texas, Sporobolus 
asper var. hookerl (Trln,) Vasey, Desor, Cat, Grasses U, S.i 
43, 1885! 
Sporobolus PILOSUS Vasey, Bot. Gaz, 16i 26. 18911 Type US! 
Isotypes US! B. B. Smyth 217, Coolldge, Kansas, I89O, 
Sporobolus asper Pilosus (Vasey) Hltchc. Biol, See, Wash. 
Proc, 41IiZl, I93S! 
Nomenclature 
Kunth*s combination appeared In "Voyage aux regions 
equlnoctlales du Noveau Continent, fait en 1799 - 1804, 
partie 6. Botanique, sect, 6, Revision des Graminées", 
According to Stafleu (1967) the work was reissued In 1835 as 
"Distribution Methodlque de la Famille des Gramlnees", I have 
seen the 1835 Issue, 
Although thé type of A, uom'0o6lta hâé not been located, 
there Is little doubt that Polret's description pertains to 
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s, asper var. asper. 
The Drummond 306 collection apparently consisted of 
different plants which were subsequently designated 306 and 
306 "bis. The type of V. hoolcerl Trin, is Drummond 306, and 
the type of V. drummondll Trin, is Drummond 306 bis. Hitch­
cock (1950) considered the circumscriptions as synonymous and 
recognized the combination S. asper var. hookerl (Trin.) 
Vasey. Trinius' description of V, hookerl does not agree with 
Hitchcock's description of S. asper var, hookerl. Moreover, 
the type of V, hookerl is not S, asper var, hookerl sensu 
Hitchcock. Bather the description and type of Vilfa hookerl 
agree with S, asper var. asper. The description and type of 
V. drHmmnndU agree with Hltchcock's S,. asper var. hookerl. 
In accordance with Articles 7 and $6 (Stafleu et al., 1972) 
Vilfa hookerl and its combinations are synonyms of S, asper 
var, asper. 
Trinius' Genera Graminum V, Agrostldea was issued Novem­
ber 1840. It was Included in Mémoires de l'Académie Impériale 
des Sciences de Saint Petersbourg, série six, volume six in 
1845 (Rlcker, I9O8). 
Description 
Perennial, tufted ; culms 40.0 - 15O.O cm tall, erect, 
(1.2) 2.0 - 4.0 (5.0) mm wide; lower sheaths glabrous, rarely 
dilate along the midrib, collar pubescent to pilose, rarely 
glabrous, blades scabrous, frequently pubescent, rarely 
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pilose; sheaths usually as long as or longer than the Inter-
nodes, terminal sheath {9*5) 11»0 - 36.0 (46.0) cm.long, 
(1,3) 1.5 - 6,0 mm wide when folded, length/width 15,0 -
1 7 5 . O f  t e r m i n a l  b l a d e  2 . 0  -  3 5 . 0  c m  l o n g ;  p a n i c l e s  2 - 6 ,  
9.0 - 53.0 cm long, 1.5 - 10.0 mm wide, length/width 28.0 -
3H1.0, primary branches 12- 35. contracted, frequently 
Included In the sheath, dense, 30 - 75 (88) spikelets/era^j 
glumes shorter than to equal to the floret, first glume 1.7 -
4,7 ram long, second glume longer, 2.5 - 6.2 mm long; lemma 
(3.1) 3.6 - 6.5 (6.9) mm long, 1-nerved, glabrous, obtuse or 
acute, the keel scabrous; palea 2.9 - 6.3 mm long, minutely 
pubescent between the nerves; floret 0,8 - 1,2 mm wide, 
length/width 2,5 - 7.2; fruit 1,0 - 1,8 mm long, 0,6 - 1,2 
mm wide, length/width 1,1 - 2,4, pericarp frequently striate, 
becoming gelatinous when moist. 
Distribution and Habitat 
Distribution of S, asper var, asper is shown in Pig, 45. 
Hitchcock (1951) credits S. asper var, pllosus to Montana, 
but I have seen no specimens from that state. 
The variety occurs most frequently along roadsides, rail 
road rights of way and similar disturbed areas. It also 
occurs along the beaches of the New England coast, in the 
cedar glades of Tennessee, the Ozark region of Missouri, 
prairies and grasslands of the Central United States. 
Pigs, 4-3-(4-5. S, asper var, asper 
Pig. 4-3. Representative specimen, R. L, Rlgglns 
1073# line scale 10 cm 
Pig. Splkelet, floret, fruit, R. L, Rlgglns 
1080, line scale 2 mm 
Pig. 4-5. Distribution 
108 
109 
Selected Speclmena Examined 
Canada Quebeci County unknown, E. Rouleau 5000, 26 
August 19^3 (GH), 
United States State unknowni A, Michaux s. n,, no 
date (P, US), Arkansas* Boone Co., W. J. Meyers 4511, 2? 
October 1936 (US), Coloradoi Boulder Co., A. 8. Hitchcock 
162 3, 14 August 1918 (US)I Los Animas Co., C, M. Rogers 5324, 
18 August 1947 (TEX)I Mesa Co., A. 8, Hitchcock 2201, 28 
August 1906 (US)1 Powers Co,, N, C, Henderson 65-756, 3 
aptember 1956 (PSU), Connecticut* New London Co., E, E. 
Rogers 5, August I90I (GH)j New Haven Co., E. B. Harger s. n., 
5 September I9OI (GH). Illinois* Cook Co., H. R. Bennett 
£, n,, 10 September 1955 (NY); Monroe Co., R. L, Rlgglns 
1010, 9 August 1970 (ISC); Stark Co., V. H. Chase 820, 17 
September 1900 (MO, US). Indiana* Lawrence Co., R. L. 
Rlgglns 1013, 26 August 1970 (ISC); Marshall Co., C. C. Deam 
66276, 21 September 1949 (IND); Vanderburgh Co., R. L. 
Rlgglns 1014, 27 August 1970 (ISC). Iowa* Black Hawk Co., R, 
L. Rlgglns 1082, 27 September 1970 (ISC); Boone Co., R, L, 
Rlgglns 1065, 18 September 1970 (ISC); Chickasaw Co., R. L. 
Rlgglns 1081, 27 September 1970 (ISC); Clayton Co., R. L, 
Rlgglns 1077, 27 September 1970 (ISC); Dickinson Co., R. L. 
Rlgglns 1083, 26 September 1970 (ISC); Henry Co., R, L. 
Rlgglns 1072, 20 September 1970 (ISC); Keokuk Co., R. L. 
Rlgglns 1071, 20 September 1970 (ISC); Marlon Co., R. L. 
Rlgglns 1069, 20 September 1970 (ISC); Màhaska Co., R. L. 
Rlgglns 1070, 20 September 1970 (ISC); Story Co., R, L. 
Rlgglns 1001, 24 May 1970 (ISC); Webster Co., R. L, Rlgglns 
1064, 12 September 1970 (ISC), R. L. Rlgglns IO73, 26 Septem­
ber 1970 (ISC); Winneshiek Co., R. L. Rlgglns 1080, 27 
September 1970 (ISC); Wright Co., R. L. Rlgglns 1066, I9 
September 1970 (ISC), Kansas 1 Barber Co., R. X. McGregor 
15111, 1 September 1959 (SMU); Cowley Co., R. L. Rlgglns 
1096, 17 September 1971 (ISC); Dickinson Co., R. L, Rlgglns 
1093, 17 September 1971 (ISC); Ellis Co., H. Bibb n., 
29 September 1937 (MO 1131664, WIS); Gove Co., A. S. Hitchcock 
897, I896 (GH, MO, US); Hamilton Co., B. B. Smyth 217, I89O 
(US); Marion Co., R. L. Rlgglns 1094, 17.'September I97I (ISC); 
Marshall Co., R. L. Rlgglns IO9I, 16 September I971 (ISC); 
Riley Co., R. L. Rlgglns 1092, I6 September 1971 (ISC). 
Kentucky: Pulaski Co., E. L. Braun 2649, 8 September 1939 
(US). Louisiana* Natlchltoches P., E. J. Palmer 8855, 6 
October 1915 (MO, US). Maryland 1 Queen Annes Co., A. Chase 
12614, 12 October 1940 (SMU), Massachusetts* Essex Co., 
C; Morong s- n,. 15 September 1874 (NY)1 Plymouth Co.. C. H. 
Knowlton sT n., 24 September 1911 (US 1647189). Michigan* 
Kalamazoo Co., C. R. Hanes £. n., 15 September I936 (US 
1647189), Minnesota* Clay Co., 0. A, Stevens n., 12 
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September 1935 (US 1723118). Mississippi i Olrklbbeha Co., A. 
Chase 4443, 12 September 1907 (US). Missourii Callaway Co., 
R. L. Rlgglns 1076, 25 September 1970 (ISC); Carter Co., R. L. 
Rlgglns 1016, 28 August 1970 (ISC)1 Cass Co., R. L. Rlgglns 
1062, 6 September 1970 (ISC); Jasper Co., R. L, Rlgglns 1059» 
6 September 1970 (ISC); Osage Co., R. L. Rlgglns 1074, 25 
September 1970 (ISC)j Pike Co., R. L. Rlgglns 1011, 9 August 
1970 (ISC); Stoddard Co., R. L. Rlgglns 1015, 28 August 1970 
(ISC); Vernon Co., R. L. Rlgglns IO6I, 6 September 1970 (ISC). 
Nebraska: Dawson Co., R. P. Martin 518, 4 September 193^ (US); 
Gage Co., R. L. Rlgglns 1090, 16 September 1971 (ISC); 
Lancaster Co., J. B. Bates s.» il** 6 August I889 (GH), R. L. 
Rlgglns IO89, 16 September 1971 (ISC). New Jersey 1 Mercer 
Co., W. M. Benner 7519, 7 November 1936 (ISC); Monmouth Co., 
collector unknown s., ri., September 1833 (GH). New Mexico 1 
Chaves Co., L. N. Gooddlng 3326, 27 August 1937 (US); San 
Miguel Co., P. C. Standley 5313, 25 August I9O8 (GH, IND, MC, 
US); Santa Fe Co., C. Z. Nelson Herbarium n,, 4 September 
1905 (WIS). New York: Onondaga Co., H. D. House 32170, 7 
October 1948 (GA); Monroe Co., M, S. Baxter 5501, 15 Septem­
ber 1921 (GH) ; Suffolk Co., W. G. Farlow 8_. n., September 
1870 (GH); Westchester Co., J. Morlchlno 185, 22 September 
1936 (ISC, SMU, TENN, WIS). North Carolina: Durham Co., W. 
V. Brown 51-1237, 16 September 1939 (TEX), North Dakota : 
Grant Co., 0. A, Stevens £. n., 27 August 1952 (US 2078188). 
Ohio I Franklin Co., H. A. Gleason £. n,, 24 September 1904 
(GH); Noble Co., L. E. Brown 1301, 6 September I968 (TABS). 
Oklahoma I Comanche Co., P. B. McMurry 5^1, 6 October 1938 
(US); Love Co., R. L. Rlgglns 1100, 18 September 1971 (ISC); 
Lincoln Co., R. L. Rlgglns IO98, 17 September 1971 (ISC); 
Nobel Co., R. L, Rlgglns 1097, 17 September 1971 (ISC); Woods 
Co., P. Kighswonger 763, 11 October 1970 (TABS). Pennsylvania: 
County unlmown, H. Muhlenberg 114, no date (PH, US); Centre 
Co., H. A. Wohl 1122, 17 September 1941 (GH, US); Lycoming 
Co., H. A. Wohl 15304, 25 September 1954 (SMU). Rhode Island : 
Kent Co., J. W. Congdon 9190, 2 September I89I (GH* MO). 
South Dakota: County unlmown, D. Griffiths 752, 3 August I897 
(US); Aurora Co., E. N. Wilcox £. n., 19 September I896 (TABS 
4925, US 746577); Jackson Co., P. Gillespee I383, 16 August 
1959 (ISC). Tennessee: Knox Co., J, K. Underwood £. n., 
July 1942 (TENN); Rutherford Co., R. L. Rlgglns 1122, 23 
September 1971 (ISC); Wilson Co., R. L. Rlgglns IOO5, 7 Aiifjuct 
1970 (ISC),- n. L. Rlgglns 100", 7 August 1970 (ISC). Texas: 
County unknown, T. Drnwmond 3'''6, no date (E, US); Aransas In., 
\ 1. Tharp 7921, 25 October 1931 (TEX); Bexar Co., W. A, 
GlJvnuo 2151, 21 Smpkember 19;>? (TEX); Brazos Co., P. G, 
Gould 844A. 2 October 195^ (SITU. TAES) ; Cherokee Co.. F„ W. 
(loulfl 729K, 23 Octobrr 195o (TAES); Dallas Co., J. Reverchon 
225LA, 1 October I965 (TAES, ITS); Montague Co., I.. H. Shlnners 
163^^^, 26 September 1953 (SWT); Stonewall Co., V. L. Cory 
Ill 
15749, 24 September 1935 (GE, TAES). Utah: Davis Co., W. 
A, Sllveus 3307, 13 September I938 (TEX)1 Utah Co., C. 
Mengles 8004, 29 August 1935 (MO, US), Vermontj County 
unlmown, C. G. Prlngle 251, 10 October 1877 (US 825244). 
Virginia: New Kent Co., M, I. Fernald and B. Long 11525. 13 
October 1939 (GH, US); Shenandoah Co., P. W, Hunndwell and 
L. Grlscom 15109, 19 September 1931 (GH). Washington: 
Kittitas Co., S. Cotton 1797, 25 September 1904 (US). 
Wisconsin: Bayfield Co., L. H, Shinners and J. Catenhusen 
2884, 25 August 1940 (WIS)I Crawford Co., R. L. Biggins IO78, 
27 September 1970 (ISC); Milwaukee Co., L. H. Shinners 3O85, 
6 September 1940 (GH, ISC. MIL); Pierce Co., R. L. Riggins 
1086, 4 October 1970 (ISC). 
Sporobolus asper var. drummondil 
STJorobolus asper var. drummondil (Trln.) Vasey (Fig. 46) 
Sporobolus asper var. drummondil (Trln.) Vasey, U, S. Natl. 
Herb. Contrib. 3» 60. 1892! vTlfa DRUMMONDII Trln. Acad. 
St. Petersb. Mém. VI. Scl. Nat. 6:'106. 18401 Type El 
Fragment USI Isotype PE, Fragment US I Isotypes GH! MOI 
T, Drummond 306 bis, Texas, 1835* Sporobolus drumondii 
(Trln*)' Vasey, Descr. Cat, Grasses U, 8, : 44. 1885* 
Sporobolus ATTENUATUS Nash in Small, Fl, Southeast. U, 8.: 
123, 19031 Type USI Isotypes US! T. H, Kearney, Jr. 183, 
Starkville, Mississippi, 30 September I896. 
Nomenclature 
The use of the combination has been previously discussed. 
Description 
Perennial, tufted; culms 55.0 - 17O.O cm tall, erect, 
1.0 - 2.0 (2.5) mm wide; lower sheaths glabrous, collar 
pubescent, sometimes glabrous, blades usually glabrous, 
occasionally pubescent; sheaths shorter than the internodes; 
terminal sheath 8:0 - 18=5 om long; 0=8 - 1=8 (2=5) mm vide 
when folded, length/width (45.0) 65.0 - 233.0; terminal 
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blade (0.25) 2.0 - 14.0 (17.0) cm long; panicles 2-6, 
8.5 - 53.0 3m long, 1.0 - 9.0 mm wide, length/width 28.7 -
381.8, primary branches 8-18, lax, usually exserted from 
the sheath, 16 - 36 spikelets/cm^» glumes shorter than to 
equal to the floret, first glume 1.7 - 3.7 mm long, second 
glume longer 2.4 - ^ ,2 mm long; lemma 2.7 - 4.2 mm long, 
glabrous, obtuse to acute; palea 2.0 - 4.1 mm long, minutely 
pubescent between the nerves; floret 0.5 - 1.2 mm wide, 
length/ width 2,5 - 7,0; fruit 1.1 - 1.7 mm long, 0.5 - 0.9 
mm wide, length/width 1.3 - 2.5» pericarp frequently striate, 
becoming gelatinous and slipping from the seed when moist. 
Distribution and Habitat 
Distribution is shown in Pig. 46, Sporobolus asper var. 
drummondll is most abundant In Texas and occurs only 
occasionally in Alabama, Mississippi, Louisiana and Missouri. 
Steyermark (1963) recognized the variety as widespread in 
Missouri, Pohl (1966) noted that the variety was occasionally 
found on dry moralnlc hills In Iowa. The one specimen from 
Iowa bears the note "This low slender growth is probably due 
to mowing in previous seasons and to late mowing", I have 
observed that plants of S. asper var. asper which have been 
mowed or burned have stunted, narrow culms. The Pammel 
specimen, however, is indistinguishable from other specimens 
of S, asper var. drummondll. 
The variety occurs along roadsides and railroad rights 
Figs, 46-48. S, asper var, drummondli and S. asper 
var. macer 
Pig, 46. Representative specimen, S, asper var. 
drummondli. R, Q» landers R-455» line 
scale 10 cm 
Pig, 47, Representative specimen, S, asper var, 
macer, R, L, Biggins 1029, line scale 
10 cm 
Pig, 48, Distribution 
# S, asper var. drummondli 
A S. asper var, macer 
114. 
115 
of way In Kansas, Oklahoma and Texas. It Is particularly 
abundant In the Hill Country and Edwards Plateau regions of 
Texas where It is usually associated with live oak. Habitat 
data from other areas Is scanty. 
Selected Specimens Examined 
United States Alabamai County unknown, S, B. Buckley 
2. n., September l84l (MO 2000978). lowai Story Co., L. H. 
P&mmel 1462, September I898 (ISC). Kansas : Ellis Co., U. S. 
D. A. 562, 13 September 1935 (US), H. Bibb s. n., 29 Septem­
ber 1937 (GH, MO 1132286, TABS, TENN, WIS)j"Marlon Co., H. L. 
Rigglns 1095, 17 September 1971 (ISC); Sedgwick Co., F. 
Bartley 1222, 17 September 1948 (US). Louisiana: Caddo P., 
J, W. Thieret 21143, 3 October 1965 (US); Natchitoches P., E. 
J. Palmer8730, 31 September 1915 (MO). Mississippii 
Oktibbeha Co., T. H. Kearney, Jr. 83, 30 September 1896 (US); 
Scott Co., J. R. Swallen 2331, 27 June 1932 (US). Missouri 1 
County unknown, B. P. Bush 5301, 17 October I9O8 (GH, HO, US); 
Jasper Co., E. J. Palmer 3^79, 24 September I9II (MO), E. J. 
Palmer 348^, 24- September I9II (GH, MO). Oklahoma : Mayes Co., 
H. Bibb 5936, 23 September 1940 (US); Muskogee Co., C. S. 
VTallls 5506, no date (SMU); Oklahoma Co., C. C. Smith 216, 1 
October 1938 (GA). Texas 1 County unknown, T. Drummond 306 
bis, 1835 (E, US 997649); Brazoria Co., C. M. Rogers 6570, 22 
October 1948 (ISC, TEX); Brazos Co., P. W. Gould 7814, 8 Octo­
ber 1957 (TABS); Brown Co., R. L. Rigglns 1110, 19 September 
1971 (ISC); Comal Co., J. R. and C. G. Reeder 4558, 29 Septem­
ber 1966 (US); Dallas Co., C. L. Lundell 11978, 17 September 
1942 (TEX. US); Jack Co., R. L. Rigglns 1101, 18 September 
1971 (ISC); Kimble Co., R. L. Rigglns 1113, 19 September 1971 
(ISC); Mills Co., R. L. Rigglns 1111, 10 September 1971 (ISC); 
Mitchell Co., R. W. Pohl 4640, 13 October 1944 (ISC, SMU); 
Montgomery Co., P. W. Gould 5388, 22 October 1949 (SMU, TABS); 
Stephens Co., R. L. Rigglns IIO7, 19 September 1971 (ISC), 
F. W. Gould and G. Roy 11758, 1 October 1965 (TABS, US); 
Tarrant Co., L. K. Shinners I6733, 22 October 1953 (SMU); 
Taylor Co., W. P. Mahler 411?, 5 November I965 (TABS); Travis 
Co., B. C. Tharp 51-523, 14 October I95O (TEX). 
116 
S-Dorobolu8 asper var, maoer 
Sporobolus asper var, maoer (Trin.) Shlnners (Pig. 4?) 
Sporobolua asper var, maoer (Trin,) Shlnners, Rhodora 561 30, 
1954.! vTlfa MACBA Trin, Aoad, St. Petersb. Mém, VI, Sol. 
Nat, 61 79, 18401 Type LB. Fragment US! Louisiana, 
Sporobolus maorus (Trin.) Hltchc,, Am, Journ, Bot, 21 203. 
19151 
Nomenclature 
The Greek word makros becomes maoer when transliterated 
Into Latin and agrees with the masculine ending of Sporobolus. 
Hitchcock*s original combination is interpreted as an othro-
graphlc error. The correct transliteration was employed in 
the second edition of "Manual of Grasses of the United States" 
(Hitchcock, 1951). 
Description 
Perennial, rhizomatousi culms (40,0, 50.0) 70.0 - 125.0 
cm tall, erect, 0.7 - 2,2 mm wide; lower sheaths glabrous, 
collar pubescent rarely pilose, blades softly pubescent; 
sheaths usually shorter than the intemodes, terminal sheath 
11.8 - 36.0 cm long, 0.7 - 2.5 mm wide, length/width (86,0) 
115.0 - 360.0J terminal blade 2,0 - 9.0 (I9.O) cm long; 
panicles 2 - 4, 16.5 - 25.0 (56,0) cm long, 1,0 - 5.5 mm wide, 
length/width 73.0 - 225,0, primary branches 7 - I6, lax, 
usually exserted from the sheath; splkelets not crowded, 14 -
42/cm^; glumes shorter than to equal to the floret, first 
glume 2,2 - 3.O mm long, second glume longer 3.0 - 4.9 mm 
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long; lemme 2,7 - 5,^ mm long, l-nerved, glabrous, obtuse to 
acute J palea 2.7 - 5.0 mm long, minutely pubescent between the 
nerves I floret 0,6 - 0.9 mm wide, length/width 3.0 - 7.0; 
fruit 1,3 - 1.6 mm long; 0.6 - 0,9 mm wide, length/width 
1.5 - 2.5, pericarp becoming gelatinous and slipping from the 
seed when moist. 
Distribution and Habitat 
Sporobolus asper var. macer is rare end has a restricted 
distribution (Pig. 48), 
I have collected S, asper var, macer in Hempstead Co,, 
Arkansas, Rapides P,, Louisiana, Forrest Co,, Mississippi and 
Angelina Co,, Texas, The collections are from shaded, rela­
tively undisturbed pine woods with little undergrowth. The 
Rogers 4147, Chase 4341 and Silveus 2397 collections are from 
similar areas. Habitat description of the Reeves 1220 collec­
tion is "vacant lot in sandy soil". The Letterman labels 
cite locality os "R, R. line in Texarkana". 
Selected Specimens Examined 
United States Arkansas : Hempstead Co., R. L. Rlggins 
1057, 5 September 1970 (ISC). Louisianai Parish unknown, 
collector unknown, no date (US 556863); Rapides P., R. L. 
Rlggins 1029, 1 September 1970 (ISC); St, Bernard P., T, 
Drumraond £. n., no date (GH, MO 2001002). Mississippij 
Forrest Co., R. L. Rlggins 1121, 22 September 1971 (ISC), K, 
E, Rogers 4147, 23 August 1970 (ISC); Harrison Co., A, Chase 
4341, 8 October I907 (ISC, US), Texas 1 Angelina Co., R, L. 
Rlggins 1037; 2 September 1970 (ISC); Bastrop Co., w. A. 
Silveus 2397, 30 October 1937 (TEX, US); Bowie Co., G, W, 
Letterman s, n,, 20 October 1894 (MO 768615); Brazos Co,, 
R, G. Reeves 1220, 16 October 1941 (TABS, US), 
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Sporobolus olandestlnus 
Sporobolus olandestlnus (Blehler) Hitohc. (Figs. 49-50) 
Sporobolus olandestlnus (Bieler) Hitohc. Man. Grasses U. S. 
ed, 21 418. 1951! Sporobolus olandestlnus (Spreng.) Hitohc. 
U. S. Natl. Herb. Contrlb. 12i 150. 19081 Agrostis 
CLANDESTINA Biehler, PI. Nov. Herb. Spreng. Cent,t 68. ISO?! 
Type PHI Fragment USI H. Muhlenberg 115, Pennsylvania. 
Wuhlenbergla elandestIna (Spreng.) Trln. Gram. Unlfl.i 190. 
1824! ViIfa olandestlna (Spreng.) Nees ex Steud. Norn. Bot. 
ed, 2, 21 76?" 18411 Sporobolus asper var. olandestlnus 
(Blehler) Shlnners, Rhodora 56: 31» 19541 
Agrostls LOMGIPOLIA Torr, PI. North, and Mid. U. S. li 52. 
18261 Type tlY. Photograph ISCl Vilfa longifolia Torr. In 
A, Gray, N, Am, Gram, and Gyp. 1» W, 1834! Sporobolus 
longifolius (Torr.) Wood, Classbook ed. 1861; 775. 18611 
Sporobolus CANOVIRENS Nash in Britton, Man.i 1042, 19011 
Type NY! Photograph USI W, A, Kellerman; St. George, Kansas, 
3 September 1890. Sporobolus asper var. oanovirens (Nash) 
Shlnners, Rhodora 56i 30. 19541 Sporobolus olandestlnus 
var. oanovirens (Nash) Steyerm. & Kuoera, Rhodora 63 * 24. 
19611 
Nomenclature 
Biehler*s work, Issued 30 May 1807, contained new names 
and descriptions for seven grasses. Among the seven was 
A«rostis olandestlna the basionym of 8. olandestlnus. 
Sprengel included the work unaltered and without reference 
to his student in "Novarum Plantarum ex Herbario Meo Centurla" 
which was issued later in 1807 (Pernald, 1945). Hitchcock 
was unaware of Blehler's work until Pernald discovered it, 
Agrostls lonpclfolia and Its combinations have been cited 
by Hitchcock (1951) as synonyms of 8. asper var. asper. 
Torrey's (1826) description clearly refers to S_. asper var. 
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asper. Rlckett and Gllly (1942) designated as the type the 
specimen in the bound volume of North American Gramlneae and 
Cyperaceae (Gray, 1834) in the Herbarium of the New York 
Botanical Garden, The type specimen is S, clandestlnus^. 
Glyceria stricta Buckl. was cited as a synonym of S, 
asper by Hitchcock (1951) Buckley's (1863) description was 
based upon a panicle of S, clandestinus with proliferating 
spikelets. Because the name was based upon a monstrosity, it 
is rejected in accordance with Article 71 (Stafleu et al., 
1972), 
Description 
Perennial, occasionally rhlzomatous; culms solitary or 
tufted, frequently glaucous, erect, 40,0 - 170.0 cm tall, 
0,7 - 3.0 (3.8) mm wide I lower sheaths frequently pubescent, 
collar usually pubescent, rarely pilose, blades frequently 
pubescent, rarely pilose; terminal sheath 4,0 - 19.0 (23,0) 
cm long, 0,5 - 3.0 mm wide, length/width 29,0 - 170,0 (230,0); 
terminal blade 0.2 - 11.0 cm long; panicles 2-5, the lower 
included in the sheaths, terminal usually exserted, rarely 
included, 5,0 - 50,5 cm long; 1,0 - 11,0 mm wide, length/width 
16.1 - 130.0, primary branches (3) 5-15 (18), compressed to 
lax, 9 - 38 spikelets/ cm ; glumes shorter rarely equal to the 
^Holmgren, P. New York, New York, Private communication. 
Type specimen of Agrostis longifolla. 1972, 
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floret, first glume 1,5 - 6.2 mm long, second glume longer 
2,5 - 6.5 mn long; lemma (2.2) 3,0 - 7.0 (7.4) mm long, 1-, 2 
or 3-nerved, pubescent, frequently mottled ; palea (2,2) 3,0 -
9,3 (11,0) mm long, pubescent, equal to or 0,1 to 11,0 mm 
longer than the lemmai floret 0,7 - 1,6 mm wide, length/width 
2.8 - 10.0 (14.2); oaryopsis 1,5 - 3-5 mm long, 0,5 - 1.1 mm 
wide, length/width (1,5) 2,0 - 4-,8 (6,0), pericarp smooth, 
rarely striate, becoming loose when moist, but not slipping 
from the seed, 
Distribution and Habitat 
Sporobolus elandestInus occurs along the eastern coastal 
plain and in the Southeastern United States to Texas, Oklahoma, 
Kansas and Missouri, The species is rare in the glaciated 
areas of Massachusetts, Connecticut, Indiana, Illinois, 
Wisconsin and Iowa, Except for one collection from Cocke Co,, 
Tennessee, it is absent in the Southern Appalachian Mountains 
(Fig, 51). 
The species occurs primarily in sandy soils along the 
coast and along roadsides in the interior United States, It 
is found in pine woods in the southeastern states, in live 
oak-pin oak woods in Texas and Oklahoma and in cedar glades 
in Tennessee and Missouri, The Iowa, Wisconsin and Northern 
Illinois collections are from sand prairies. 
Figs, 49-51. S. olandestlnus 
Pis» 4-9. Representative specimen, R. L, Riggins 
1102, line scale 10 cm 
Pig. 50, Variation in palea length, left to right 1 
J, R. Swallen 5625, Alachua Co., Plorida 
R. L. Riggins 1120, Porrest Co., Mississippi 
R. L. Riggins 1009, Wilson Co., Tennessee 
R. L. Riggins 1050, Hamilton Co., Texas 
L. H. Shinners I68IO, Brown Co., Texas 
line scale 1 cm 
Pig. 51. Distribution 
49 
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Selected Specimens Examined 
United States State unknowni County unknown, no date 
(GH, MO 2000970, HY). Alabamax Franklin Co., D. Isely 4595, 
23 September 19^5 (ISC); Marengo Co., R. Krai 296I8, 7 
October 1967 (SMU)1 Mobile Co., R. Krai 29720, 8 October I967 
(TENN), Arkansas I Benton Co., E. N. Plank £. n., 1900 (MO 
1719379); Pike Co., R. L. Rlgglns 1058, 5 September 1970 
(ISC) I Sharp Co., R. L. Rlgglns 1017, 29 August 1970 (ISC); 
Union Co., A. J. Holberg 376, 4 October 1953 (SMU). Connect­
icut: New Haven Co., R. W. Woodward s, n., 17 September I910 
(US 1038367). Delaware I New Castle Co., W. M. Canby 297, 8 
September I887 (TAES). Florida: Alachua Co., J. R. Swallen 
5625, 16 November 1938 (US); Dade Co., A. A. Eaton 225, 10 
November 1903 (GH) ; Franklin Co., A, W. Chapman Herbarium s^» 
n., no date (MO 985579)I Jackson Co., R. Krai and R. K. 
Godfrey 5949, 27 September 1957 (FSU); Manatee Co., R. Combs 
1328, 3 October I898 (US, GH). Georgia 1 Clarke Co., W. H. 
Duncan 23535» 30 September 1970 (ISC); DeKalb Co., A. S. 
Hitchcock 1296, 25 August I905 (GH, WIS); Mcintosh Co., W. H. 
Duncan 20640, 14 October I956 (GH, ISC, SMU, TEX, WIS); 
Stewart Co., A, W. Latimer £. n., 5 October I885 (NY). 
Illinois I Madison Co., S. B. Buckley s« n», September I838 
(MO 2000977, NY); Winnebago Co., P. w7 Pell and G. D. Fuller 
55662, 23 September 1955 (WIS). Indiana 1 Elkhart Co., C. C. 
Deam 26362, 13 September 1918 (GH, IND); Knox Co., J. E, 
Potzger 4674, 11 September 1934 (IND, TEX). Iowa: Henry Co., 
M. McDonald 2963, 21 September 1935 (ISC); Jefferson Co., 
M. McDonald 3027, 4 October 1935 (ISC). Louisiana: Calcasieu 
P . ,  A .  C h a s e  4 4 3 1 ,  1 0  O c t o b e r  1 9 0 7  ( I S C ) ;  L i n c o l n  P . ,  J .  A ,  
Moore 6514, 4 October 1955 (GH, US); Natchitoches P., R. L, 
Rlgglns 1031, 2 September 1970 (ISC); Sabine P., R. L. 
Rlgglns 1033, 2 September 1970 (ISC). Maryland: Montgomery 
Co., P. J. Herman 9873, 3 October 1938 (MO). Massachusetts: 
Essex Co., W, Oakes £. n,, 1848 (NY). Mississippi: Forrest 
Co., R. L. Rlgglns 1120, 22 September 1971 (ISC); Marlon Co., 
R. L. Rlgglns 1118, 22 September 1971 (ISC); Oktibbeha Co., 
S. M. Tracy £. n., 22 October 1893 (NY, TAES 4835)t Missouri: 
Dunklin Co., B. P. Bush 117, 12 September 1893 (GH, MO); 
Jasper Co., B. J. Palmer 3216, 25 September 1910 (MO); 
McDonald Co., E. J. Palmer 60937, 15 August 1955 (ISC, SMU, 
WIS); Montgomery Co., R. L. Rlgglns 1088, 16 October 1970 
(ISC); Shannon Co., B. P. Bush 1741, 12 September 1888 (MO); 
Stoddard Co., J. A, Steyermarlr 80348, I7 October 1955 (SMU). 
New Jersey: Cape May Co., W. Stone £. n., 16 September I906 
(GH). North Carolina: Brunswick Co., Gerald McCarthy s. n., 
September 1888 (NY); Cleveland Co., H. E. Ahles and R. S. 
Lelsner 19118, 18 September 1956 (SMU); Durham Co., W. V. 
Brown 51-1239, 13 September 1941 (TEX); Gates Co., M. L. 
Fernald and B, Long 11524, 15 October 1939 (GH, US). 
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OklahomA; Major Co., J. E. Engleman 579, 15 November 1953 
(SMU, TEX, US)I Murray Co., R. L, Rigglns 1099, 18 September 
1971 (ISC)I Stephens Co., L. H. Shlnners 30782, 25 October 
1964 (ISC, SMU). South Carolinai Charleston Co., A, Chase 
4535, 18 October 1907 (ISC); Orangeburg Co., H. W. Ravenel s. 
n., no date (GH)j Pickens Co., J. R. Swallen 6713, 12 
September 1940 (GH). Tennesseei Cooke Co., T. H. Kearney, Jr. 
951, 14 September 1897 (MO, NY, US); Humphreys Co., K. E. 
Rogers 42727, 12 October I968 (TENN)i Meigs Co., A. J. Sharp 
27742, 25 September I960 (TENN)i Wilson Co., R. L. Rigglns 
1009, 7 August 1970 (ISC), Texas * Bastrop Co., W. A, Silveus 
2397, 30 October 1937 (TAES), C, C. C. Boy s. n., Pall 1936 
(TEX 10939); Bell Co., H. S, Coleman s. n., 5 November 1939 
(TABS); Blanoo Co., R. L. Rigglns 111?, 20 September I97I 
(ISC); Brazos Co., P. Reardon 59, 3 October 1962 (TAES), L, L. 
Willraan 65-30, 23 October 1965 (TAES); Camp Co., W, D, Turner 
22-P, 13 October 1962 (TAES); Comal Co., R. L. Rigglns 1115, 
20 September 1971 (ISC); Coryell Co., R. L. Rigglns 1045, 3 
September 1971 (ISC); Fannin Co., R. L. Rigglns IO56, 4 
September 1970 (ISC); Hamilton Co., R. L. Rigglns 1049, 3 
September 1970 (ISC), R. L. Rigglns IO5O, 3 September 1970 
(ISC); Gregg Co., L. H. Shlnners 16234, 18 September 1953 
(ISC); Gonzales Co., E. N, Plank 56, November I891 (US); Jack 
Co., R. L. Rigglns 110lA, 18 September 1971 (ISC); Kendall 
Co., R. L. Rigglns 1114, 20 September 1971 (ISC); Leon Co., 
R. L. Rigglns 1117, 20 September I97I (ISC); Menard Co., R. L. 
Rigglns 1112, 19 September 1971 (ISC); Mills Co., R. L. 
Rigglns lllOA, 19 September 1971 (ISC); Nacogdoches Co., 
R. L. Rigglns 1036, 2 September 1970 (ISC); Red River Co., C. 
L, York £. n., 14 September 1941 (SMU, TEX 11169); Robertson 
Co., D. A. Duncan s. n., 2 November I955 (TAES); San Saba Co., 
F. W. Gould 8439• 24 September 1958 (TAES, TBX); Young Co., 
R. L, Rigglns 1102, 19 September I97I (ISC). Virginia: 
Sussex Co., M. L, Fernald and B. Long 11233, 21 September 
1939 (GH, ISC, MO); Stafford Co., H. H, litis 3683, 8 Septem­
ber 1957 (TENN). Wisconsin* Crawford Co., N. C. Fassett 
20693, 15 September 1940 (ISC, MIL, SMU, US). 
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